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INTRODUCTION 
This work is intended to bring all the material on 
'Aquaculture in India' at one place. Although this biblio-
graphy is selective in nature, an attempt has been made to 
cover almost all the aspects of 'Aquaculture ' including 
future strategies in India. Aquaculture pla-^ y an important 
role in India's economy as they form about 2% of the Gross 
Domestic products. There is shortfall of about 5.0 million 
tonns in the supply of protein food. It is hi$h time to 
establish a consortium to jointly undertake research 
training, demonstration and information extension activities 
with the existing network at natural and regional level. 
METHODOLOGY 
The primary sources were consulted in the following 
libraries : 
(i) Maulana Azad Library, Aligarh Muslim University, 
Aligarh. 
(ii) Seminar Library of Zoology departm>ent, Aligarh Muslim 
University, Aligarh. 
(iii) Seminar library of Geology department, Aligarh Muslim 
University, Aligarh. 
(iv) Seminar library of Chemical Engineering department, 
Aligarh Muslim University, Aligarh. 
(v) A:Tierican Centre Library, Kasturba Gandhi Marg, 
New Delhi. 
(vi) Delhi University Library, Maurice Nagar, Delhi. 
(vii) British Council Library, Rafi Marg, New Delhi. 
l 
The procedure followed in preparing this bibliography 
was as follows : 
1. The secondary sources were consulted in Maulana Azad 
Library, Aligarh to find out the location of the articles, 
these secondary sources were : 
Guide to Indian Periodical Literature (Delhi Library 
Association) 
Indian Press Index (Indian Documentation Service 
Gurgaon) 
Index India (Rajasthan University, Jaipur). 
2. The relevant bibliography details were noted down on 
5"x7" cards, following the ISI standards. 
3. Then primary sources were consulted in Maulana Azad 
Libraries, Seminar Libraries of Aligarh Muslim University 
and the libraries in Delhi. 
4. On completion of the abstracts, subject headings were 
assigned. Subject headings are completely co-extensive to the 
extent possible. 
5. The subject headings were arranged in an alphabetical 
sequence of various elements. 
6. In the end two separate alphabetical Indexes were 
prepared viz. Author Index and Title Index, providing 
reference to various entries by their respective numbers. 
7. No subject Index has been provided as bibliography 
itself arranged alphabetically through subject headings. 
ARRANGEMENT 
Bibliographical reference for periodical articles 
Care has been taken to follow strictly the rules and 
H 
practices of CCC. Thus it gives a uniformity for the 
bibliographical references throughout the selected biblio-
graphy. The items of bibliographical references for each 
entry of periodical are arranged as follows : 
(a) Name(s) of Author 
(b) Full stop (.) 
(c) Title of the article including the sub title, if any 
( d) Corpiua ( , ) 
(e) Title of the periodical in the abbreviated form and 
underlined 
(f) Semi colon (;) 
(g) Volume number 
(h) Comma(.) 
(i) Issue number 
(j) Semi colon (;) 
(k) Year of publication 
(1) Comma(,) 
(m) Month of publication 
(n) Comma(,) 
(o) Date of publication 
(p) Semi colon (;) 
(q) Inclus ive pages of the a r t i c l e 
SPECIMEN ENTRY 
AQUACIJLTURE, as HUMAN RESOURCE DEVELOPMENT 
DAS (SK). Aquaculture education as a means for human 
resource development in India, Fish Chimes; 11,8; 1991; 14-5, 
The importance of manpower requirement for the sector 
is discussed. Aquaculture plays a prime role in the national 
economy of India due to its importance in nutrition, rural 
development and employ^ment generation. 
INDEX 
The Index part contains as author Index and title 
Index. Each Index guides to the specific entry or entries 
in the bibliography and is hoped that would provide very 
useful help in search of literature. 
LIST OF JOURNALS 
NAME 
1. Aquaculture 
2. Aquaculturist Europe 
3. Australian Journal of i-.a -'---
Fresh Water Research 
4. Bulletin of Asian Fish Society 
5. Environment and Ecology 
6. Fish Chimes 
7. Fishery Technology 
8. Hydrobiological Journal 
9. Indian Journal of Experimental 
Biology 
10. Indian Journal of Fisheries 
11. Indian Journal of Marine 
Sciences 
12. Journal of Aquaculture in 
Tropics 
13. Journal of Environmental 
Biology 
14. Journal of Inland Fish Society 
15. Journal of Marine Biological 
Association of India 
16. Limnology and Oceanography 
17. Progressive Fish-Culturist 
PI. ACE 
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PART - II 
INTRODUCTION 
PERSPECTIVE PLANNING FOR AQUACULTURE IN INDIA; 
Aquacul ture h a s emerged as one of t h e most promising 
inc3us t t i e s i n t h e world with c o n s i d e r a b l e growth p o t e n t i a l 
and i s expected t o c o n t r i b u t e around a qua r t e r of t h e g loba l 
f i s h e r y h a r v e s t by t h e year 2000. Rapidly e s c a l a t i n g f i s h e r y 
p r e s s u r e i n many Coun t r i e s h a s l e d t o conse rva t ion measures 
i n c l u d i n g r e - s e e k i n g of o v e r - e x p l o i t e d s tock, by sea 
r anch ing through shores i n c l u d i n g r e - s e e d l i n g of ha tchery 
r e a r e d young ones . P e r s i s t e n t demandfor f i s h i s ove r shoo t ing 
supply in many p a r t s of t h e world because of h e a l t h food 
a t t r i b u t e s , "keeping t h e market buoyan t . The world import 
of sea food h a s touched US $ 30 b i l l i o n in which I n d i a ' s 
c o n t r i b u t i o n i s not even 1 percen t (being 0.82) . The 
g loba l demand for f i s h p r o d u c t s i s i n c r e a s i n g at a r a t e 
of over 8 pe rcen t annua l ly . In t h e Seventh Plan, I n d i a ' s 
ou tpu t growth i s 3 p e r c e n t and t h e r e i s no quantum growth 
i n f i s h e x p o r t s . I n d i a ' s p o s i t i o n as a l ead ing 
expor te r of shaimp t o Japan and t h e U.S.A. marketshas 
been a f f e c t e d badly on account of slow growth in 
a q u a c u l t u r e p r o d u c t i o n . Aquacul ture in I n d i a h a s agrea t 
po ten t i a l to provide gainful enployment to the weaker 
sect ion of the population witii an assured re tu rn . 
Japan produces more than a mil l ion tonnes of sea-
food today through sea farming. Taiwan i s cu l tur ing 52 
species of f in f i shes and shel l f i shes in an area of 
61,000 hec ta res , prodxice 250,000 tonnes and earn a foreign 
exchange of U.S. $ 600 mil l ion annually af ter meeting the 
domestic demand. Despite a r i chpo ten t i a l for aquaculture 
in India, no systematic s teps have been taken to increase 
production. If the resources are u t i l i s e d properly, India 
should be in a pos i t ion to earn not l e s s than f?s 2,000 crores 
per annul by way of foreign exchange by the turn of the 
centxiry. 
Taiwan has produced 4 5,000 tonnes of shrimps through 
aquacultvire from 7, 500 hec ta res within a period of e ight 
yea r s . China has brought nearly 100,000 hectares within 10 
years under shrimp farming and produced nearly 100,000 tonnes 
of shrimps. Other South East Asian countr ies l ike Thailand, 
Phi l ippines , Indonesia, Vietnam, Bangladesh, e t c . have also 
taken up a number of schemes for aquaculture production and 
are t ry ing to cash in on Hie world market and to u t i l i s e 
t h i s golden opportunity to bui ld up the i r ru ra l economy. 
India has made some progress in the cu l tu re of fresh water 
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f i sh , Asia leads the world in Aquaculture by contr ibut ing 
nearly 80 percent of the to t a l production. Our Aquaculture 
wealth and production po ten t i a l cons i s t s of : 
Fresh water tanks and ponds 




Rivers and canals 
Coast l ine 
0.75 mil l ion hectares 
1.00 mil l ion hectares 
0.90 
1.45 , , 
29000 km. 
7 517 km. 
/ / 
Inaddition, there are sheltered bays and lagoons along the 
Coast l ine of mainland and oceanic is lands for sea farming. 
I n d i a ' s ground water po ten t ia l could also contr ibute in 
terms of several mil l ion hec tare metres for aquaculture. 
Fish ponds are poss ib le on sa l ine and a lka l ine (usar) lands 
a l so . 
Aquaculture conprlses ponds cultxire, pen cul ture 
cage cultxare e t c . , in d i f fe ren t types of habi ta lefor a 
wide va r i e ty of species . We have to conduct surveys to 
c o l l e c t the basic data required, to prepare a conprehensive 
plan for the development of fresh water and coastal aqua-
c u l t u r e . Since the technology, to cu l tu re several species, 
i s s t i l l in an infant stage for assured commercial success. 
we have tx5 evaluate careful ly the techno-economic v i a b i l i t y 
and p r i o r i t y areas for aquafarming, lb s t a r t with, we have 
to Concentrate on species for which the technology has been 
well es tabl i shed. 
Seed and feed are the essen t ia l inputs for aqua-
cu l t u r e production. We have to bui ld a l a rge nuirber of 
ha tche r i e s for seed production of d i f f e ren t species. Since 
natxiral product iv i ty i s not suf f ic ien t in ponds and tanks 
to meet the nu t r i t i ona l demand 6f cultxored species, 
supplementary feeding in the form of a balanced a r t i f i c i a l 
d i e t i s required and we have to manufactxore feed for 
d i f fe ren t species for higher p roduc t iv i ty . Water qual i ty 
management i s one of the key factors in equaculture in order 
to c r ea t e and maintain a conducive environment which will 
cons i s t en t ly produce healthy f i sh . The s t a t e governments 
have not made de ta i led p o l i c i e s for allowing use of land 
and water for p i s c i c u l t u r e . In some s t a t e s land cannot be 
diver ted to f ish even by small farmers without permission. 
Investment in aquaculture has to be given the same 
incent ives as in other p r i o r i t y areas . We should encourage 
"Marginal and poor farmers to take up aquacultxore by giving 
technical services, material inputs and financial incent ives . 
Banks and i n s t i t u t i o n s have to play an important r o l e . We 
Hi 
added products and of aspects of marketing and sales 
to retail and institutional trades. While livestock 
producfers have hundreds of years of experience to 
draw from the usually two or three generations of 
family in the business, in aquaculture the situation 
is 'learn as you progress'. This, therefore, is an 
activity for modern day pioneers. Genetic improve-
ment which has been the comer-stone of the Green 
Revolution, has hardly been touched for aquatic 
species. Hindustan Lever Research Foundation (HLFR) 
has organised a timely symposium on aquaculture 
productivity emphasising the role industry should 
play in transfer of appropriate technology, also in 
preservation, transport etc., to make available 
this highly perishable material to the consumers 
in good condition. Industry also can play a vital 
role in increasing the exports of not only the 
existing variety of fish, but also introducing 
new varieties such as eel. Oyster farming on 
an industrial scale offers a great opportunity, 
as also utilisation of sea weeds for the produc-
tion of chemicals. 
1 
should evaluate the policies of some states in improving 
the access of fishing communities to markets. 
Aquaculture development, a multi-disciplinary 
subject, deserves coordinated efforts ofseveral agencies 
of the central and state governments. Coordinated efforts 
by organisations like the Marine Products Export Develop-
ment Authority (MPEDA) need support. Traditional brackish 
water shrimp farming without proper inputs or management 
practices goes on in parts of the country, while in some 
parts, private entrepreneurs have taken to some kind of 
systematic farming. 
There is a vast scope for research and development 
and application of findings of research under field 
conditions and therefore a need to identify the problem 
areas and find solutions to improve productivity. There 
is need for transfer of information and technology for 
successful aquaculture which underscores strategies of 
production, supplies of feed of raw materials, equipment 
of services to fish farms or hatcheries. The successful 
culmination is determined by appropriate post-harvest 
technology, quality control, development of new value-
u 
BASIC APgRQACHES FOR HIGHER AQUACULTURE PRQDUCTIVI'IY: 
Acruaculture in I n d i a ; 
Howefver, so f a r , aquacu l tu r a l technology, i f I t may 
say so, has not p rov ided the s o c i a l and economic suppor t to 
s o c i e t a l needs conpared to i t s p o t e n t i a l l a r g e l y because 
i t h a s no t given s t a f f i c i en t a t t e n t i o n t o m u l t i d l s c i ^ l i n a r y 
systems o r i e n t e d approach invo lv ing eng inee r s , g e n e t i c i s t s , 
n u t r i t i o n i s t s , b o t a n i s t s , and m i c r o b i o l o g i s t s b e s i d e s 
f i s h e r y b i o l o g i s t s . As Pr, P i l l ay h a s s t a t e d , " the concept 
t h a t aquacu l tu r e i s j u s t a p a r t of f i s h e r y b io logy h a s to 
chctoge. • • ^^ f a c t i t can ga in a l o t through t h e a s s i s t a n c e 
of a g r i c u l t u r a l and animal husbandry s c i e n t i s t s . " ^quacultxire 
eng inee r ing and economics have remained poor cous ins on t h e 
a q u a c u l t u r e scene for too long . Once indigenous a e r a t o r s , 
cheaper s i l t pumps, f e e d e r s , p e l l e t i n g machines e t c , a r e 
a v a i l a b l e , t h e i ndus t ry would g e t suddenly t ransformed. 
P roduc t ive Physiologyt Absolute c o h t r o l of r ep roduc t i on , 
one of the most c e n t r a l and b a s i c p r o c e s s , i s r e q u i r e d for 
e f f i c i e n t a q u a c u l t u r e . In f i s h , f e r t i l i s a t i o n of eggs i s 
e x t e r n a l and i s e a s i l y c a r r i e d o u t . The main o b j e c t i v e in 
c a r r y i n g o u t s t u d i e s in r e p r o d u c t i v e physiology in f i s h i s 
to o b t a i n g r e a t e r under s t and ing and to develop t echn iques 
to c o n t r o l and induce b r e e d i n g . Many a t t e n p t s a t induced 
b r e e d i n g have been made wi thou t a thorough unders tanding 
of t h e mechanism of hormones and gonadal s t e r o i d ac t i on 
v i s - a - v i s environmental pa rame te r s on matura t ion and 
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spawning. In most cases, hornone dose and time and 
durat ion of treatment have been a rb i t r a ry chosen. Amongst 
the horitone preparat ions reported to be useful in induced 
breeding in d i f f e ren t f i shes are, p i t u i t a r y gland ex t rac t s 
(PGE), gonadotropin re leas ing hormone (GnRH), In te in is ing 
hormone re leas ing hormone (LHRH), growth hormone (GH), 
var ious s t e ro ids (11-desocycort igonists (Pimozide), a n t i -
estrogens, postaglandins/H-Oj and aminohutyric acid, 
apar t from hypophysation and eyestlalk abla t ion. Conspicueus 
success has been obtained in the production of malesmonosex 
rainbow t rou t with b e t t e r growth r a t e and weight with the 
use of t es tos te rone and other male hormone de r iva t ives . Such 
s tud ies need to be extended to other species on a much 
wider scale before commercial p r a c t i c e . Data on genetic 
parameters essen t ia l for se lec t ion programmes have to be 
compiled to choose appropriate se lec t ion programmes for 
obtaining genetic gain through se l ec t i ve breeding. 
Light, temperature, water condi t ions such as sudden 
drop in e l e c t r o l y t e level caused by the heavy monsoon ra ins , 
weather condit ions such as cloudiness or heavy showers 
may play important r o l e s in s t imulat ing the r e l ease of 
p i t u i t a r y gonadotropins within the organism and thereby 
con t ro l l ing the reproduction of f i s h e s . 
1 4 
We need to develop a c learer vmderstanding of the 
sequent ial action of hormones in the reproductive cycle 
of f i shes as we have in the case of humans, to have not 
only a be t t e r control on the fac to r s promoting/inhibi t ing 
maturation and spawning but also to have a be t t e r apprecia-
t ion of the environmental f ac to r s l i k e l i gh t , ( in tens i ty , 
dura t ion) , oxygen, cons t i tuen t s of water in their natural 
h a b i t a l , temperature, e t c . Also we need to develop sens i t ive 
ye t robust methods of assay of var ious hormones under f i e ld 
condi t ions . 
Genetics; Major advance? in agr icu l tu re and animal husbandry 
have been the otitcome of u t i l i s a t i o n of the understanding 
and information about the genetic make up and v a r i a b i l i t y 
between var ious species . Se lec t ive breeding i s the 
technique t r a d i t i o n a l l y pxirsued for bringing about improve-
ment of a s ing le de s i r e t r a i t , such as f a s t growth or 
d i sease r e s i s t a n c e . I t i s the addi t ive genet ic variance 
which wil l determine the success or f a i l u r e of attertpts 
a t genet ic improvement by se lec t ion . 
'Hybrids' are capable of performing cer ta in 
physiological functions more e f f i c i en t ly than i t s pa ren t s . 
Hybridisation i s often a rapid rou te to genetic improvement. 
This hybrid vigour has been dmonstrated in a l l crop species 
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and in c a t t l e for increasing milk product iv i ty . Application 
of gene t ics in aquaculture has been extremely l imi ted . 
F i rs t ly* chromosomal cons t i tu t ion and morphology are known 
for very few of the po ten t i a l aquaculture candidate 
species . The po ten t i a l of ploidy determination from chromo-
some preparat ions of lynphocyte cu l tu re s and the use of 
flow cytometry to determine E*IA content for rapidly 
screening polyploids are s t i l l l a rge ly unexploited. Secondly, 
very few biochemical genetic s tud ies in species of cultxire 
I n t e r e s t have been done so far , except for some work on 
t rout , common carp and channel c a t f i s h . Unlike in p lan t s , 
no ser ious isoenzyme complementation of crucia l encymes 
with a view to improve he t e ro t l c vigourhas been cbne in 
commercially important f i s h . Because the synthesis of 
enzymes i s cont ro l led by specif ic genes, and because the 
hybrid organism i n h e r i t s one se t of genes from each of i t s 
paren ts . I t i s enabled to perform i t s physiological 
functions more e f f i c i en t ly under a wide var ie ty of envir-
onments. Breeding s t r a t e g i e s to avoid inbreeding depression 
in ha tcher ies and encouraging outbreeding have to be 
developed on a la rge sca le . 
Besides se lec t ion for higher growth r a t e and muta-
genesis by i r rada t ion or chemical agents, genetic manipula-
t i on o f fe r s the b e s t scope for producing stock improvement 
for enhancing production. In India, work on chromosomal 
io 
engineering of f i sh i s being taken up at t he Central 
I n s t i t u t e of Freshwater Aquaculture at Bhubaneswar. 
Gynogenetic rohu, c a t l a and mcigal have already been 
repor ted . Their performance i s however being evaluated. 
Tripleidy leads to s t e r i l i t y which in turn can lead 
to b e t t e r growth, survival and f lesh qual i ty in f i sh . The 
s t e r i l e f i sh continue to grow through the period in which 
d ip lo ids mature and cease to grow. Tetraploid f ish, if 
f e r t i l e , can be crossed with diploid to produce t r i p l o i d s . 
Successful te t raplo idy has been reported in rainbow t rout , 
t i l a p i a and channel c a t f i s h . Polyploidy has been induced 
in Indian carps at the CIFA. Triploid rohu have been 
produced both by heat stock (39* to 41* C after four to 
f ive minutes of f e r t i l i s a t i o n ) as well as by crossing 
t e t r a p l o i d female common carp with diploid ca t l a , rohu 
and mrigal . These t r i p l o i d hybrids are s t e r i l e and have 
higher chromosorae numbers (74 to 76) than Indian carps 
(50) but fewdr than comntrn carp (100 to 102). Of these, 
common carp-rohu appeared to be the most v iab le t r i p l o i d 
wit±i p o s s i b i l i t i e s of replacing common carp . 
Eventually e f fo r t s wil l have to be made on the one 
hand to provide f i sh with high somatic growth ( l ike b ro i l e r 
chicken) and on the other , with be t t e r gonadal growth 
(akin to layers) . 
1/ 
Many new areas of research in recorribinant DNA 
techniques can be applied on aquaculture. Most recent 
developments in genetic manipulation have been in the 
production of t ransgenic organisms by the t ransfer of 
foreign genes into t he f e r t i l i s e d eggs. Mxjitiple copies 
of plasraid containing human growth hormone gene have 
been injected in rainbow t r o u t s and the i r in tegra t ion 
into the genome confirmed in entoryos. Micro-injection 
and inclusion of human growth hormone gene has been 
demonstrated in t i l a p i a , medaka solmon on loach. 
Construction of gene l i b r a r i e s of var ious cultured 
species i s essen t ia l for progressing these techniques 
fu r the r . 
NUTRITION; Though nu t r i t i on i s an e lder ly sxibject much 
t raversed in s c i e n t i f i c work a l l over the world. I have 
not come across much define work on f ish nu t r i t i on where 
t he n u t r i e n t s especia l ly amino-acid requirements are 
t a i l o r e d to the h o s t ' s f lesh conposit ional requirements. 
This i s not to say, however, that considerable amount of 
painstaking and excellent work on the pro te in and energy 
requirements of var ious f i shes have not been reported. 
Some ovrtstanding work in t h i s area has been done by some. 
However, the metabolism of amino-acids with a view to 
l^ 
ascer ta in the i r b iosynthet ic p a t t e r n s and essent ia l amino-
acids needs to be studied in more depth and d e t a i l . 
In general i t may be s ta ted tha t f in f i sh be t t e r 
converters than prawns, liropical f i sh grow fas te r at 
r e l a t i v e l y lower die tary pro te in densi ty but l e s s e f f i -
c i en t ly than the tenpera te . Ihe pro te in reqvirements of 
f i sh are about two to three times higher than of mammals. 
The pro te in requirements of cu l t i vab le carps, -tiie mullets 
and milk f i sh which are herbivores/omnivores are in the 
range of 25 to 30 percent as against 35 to 40 percent for 
carnivorous f i shes l i k e salmon and trout .The f rac t ion of 
ni t rogen l o s t through ammonia in carnivores i s about 
twice that in herbivords (7 percent against 3,5 percen t ) . 
From the point of view of r a t e and efficiency of growth, 
f in f i sh are two to three times b e t t e r converters than 
decapods. The penaeids grow fas t e r , bxit l e s s e f f i c ien t ly 
than Macrobrachium sp. A major reason for the poor per-
formance of d e c ^ o d s i s that they lose a s ign i f i can t 
f rac t ion (= 20 percent) of the converted energy at each 
moult as s t ruc tu ra l and functional cos t s of moulting. 
Promotion and p r ac t i c e of aquaculture on a l a rge 
sca le wi l l depend ul t imately on the a v a i l a b i l i t y of 
inexpensive food, tha t i s eas i ly d iges t ib l e , with a high 
conversion value, read i ly acceptable and not easi ly 
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dis in tegra ted in the water. A nioniber of formulations 
containing high pro te in from mixtxores of b ran ,o i l seeds 
cakes e t c . , besides loca l ly ava i lab le low grade of clams 
are almost the same as those of prawns, the former which 
i s r e l a t i v e l y cheap has been widely used in feeding prawns. 
During the protozoae stages of the penaeid prawns, diatoms 
are the most preferred food and artemia are usedwidely as 
food, 
Formulated feeds also contain about 20 percent 
carbohydrates, 3 t o 7 percent fa t with adequate amounts 
of P, Ca, vitamins and t r ace minerals (Co, ffe e t c . ) . 
INFECTIONS; Itiough a number of types of infect ion in various 
f i shes have been studied in d e t a i l , what i s lacking i s a 
feas ib le , easy and cheaper method of extermination apart 
from the job of speci f ic diagnosis which has la rgely 
remained required i s not widely known to p r a c t i t i o n e r s 
of f i sh c u l t u r e . No doubt the treatment i s made more 
d i f f i c u l t by the presence of l a rge bodies of water, weeds 
and fungal matter, as well as p r a c t i c a l problems in the 
mode of administrat ion. A short time dip in d i l u t e solu-
t i o n s of potassium per maganate, acet ic acid, copper 
sulphate, a n t i b i o t i c s o r ig in (3 percent) comnt>n sa l t 
so lu t ions has been recommended in var ious protozoal . 
Helminthic, bac t e r i a l and v i r a l infect ions but a more 
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r a t i o n a l and effec t ive remedy i s yet to emerge to improve 
the dynamics of disease diagnosis and cont ro l , 
PRAWN FAE I^NG; India has a wide spectrum of species of 
prawns such as Penaeus monodon ( t iger prawn), the most 
popular species for cu l tu re due to i t s high growth po ten t ia l 
and pr ice , in s p i t e of i t s narrow s a l i n i t y preference 
to lerance and o thers such as P« merguiensis, P, semisulcatus, 
P. l a t i s u l c a t u s and Macrobrachivim rosenbergi i and M.malcolm 
soni i are the common fresh water prawns cu l t iva ted . 
Prawns are commercially the most important f ish for 
export and India exported Rs 531 crores worth of f ish in 
1987-88, of which 80 percent of the t o t a l value was from 
prawns. Out ofthe brackish water areas of cbout 1,4 mil l ion 
hectares , about 55, 500 hec tares are under farming, with 
product ivi ty of the order of 300 to 500 kg per hectare per 
year . Major bot t lenecks in prawn cu l t i va t ion have been : 
(1) non-avail a b i l i t y of qual i ty f i sh seed of the cormercial 
species in adequate quan t i t i e s and lack of organised 
ha tche r i e s ; (2) paucity inproduction of high energy, water-
s tab le , and durable feeds for prawns, lack of mass produc-
t ion systems for algae and d i f f i cu l ty in procuring adequate 
amounts of good qual i ty artemia; (3) lack of hygiene in 
ponds, inefficiency in the methods of oxygenating water, 
insuf f i c ien t a t tent ion to disease prevention and pol lu t ion 
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of waters and insuff ic ient a t ten t ion to aquatic microbio-
logy; insuff ic ient potable water or water supply channels; 
(4) con f l i c t with other land uses; absence of laniform 
leas ing policy in different s t a t e s with regard to j i i r l s d i c -
t ion on land and time r e l a t i n s h i p s of l a t en t ownership of 
cul ture-based f ishery resources; (5) improper or inadequte 
use of s lu ices , lack of control of predators ; (6) lack of 
approach roads especial ly to areas of cu l t iva t ion and 
re luc tance on the pa r t of banks to advance loans as well 
as lack of other i n s t i t u t i o n a l f inance; and (7) in addition, 
v a r i a b i l i t y in feed qual i ty and high feed cost , unavai labi-
l i t y of therapeut ics , inconsis tent product inspection and 
regional regula t ions , which also cont r ibu te to the problems 
in aquae u l tu fe . 
In my view, t he r e i s enough competence in t h i s 
country to develop feeds for any type of prawns. Unfortu-
nately, t h i s cannot be done by i n s t i t u t e s of f i s h e r i e s 
alone, but needs co l labora t ive e f fo r t s with the National 
I n s t i t u t e of Nutr i t ion and also perhaps the National 
Chemical Laboratory. We have to r e l a t e the body conposition 
of the respec t ive prawns (in terms of araino-acfds in 
proteins) to tiie conposition provided by feeds. Further, 
some enphasis has to be given on * s* n u t r i t i o n apart from 
c a l o r i e densi ty . 
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An irtportant element in tiie nu t r i t i on of naup l i i 
i s artemia which also adds s ign i f i can t ly to cost.We are 
not able to get artemia of good qual i ty in our country 
and i t has to be inported. University Departments of 
Zoology or Marine Fisher ies should be asked t o develop 
a plan to produce high qual i ty artemia for l a rva l growth. 
Furthermore, t he re i s l i t e r a t u r e indicat ing that 
t he prime ingredient in artemia benef ic ia t ing la rva l growth 
may be Guanylate polymers. This area i s worth inves t iga t -
ion in depth. 
I t i s always in t e res t ing and even des i rab le to 
examine the fu l l po ten t i a l of y ie ld of prawns per hectare 
under in tens ive c u l t i v a t i o n . However, in tens ive cu l t iva t ion 
involves high aerat ion, and energy expenditure wth not 
only the c o n s t t a i n t s of cos t s of inputs but also the 
concomitant cos ts of f a i l u r e of e l e c t r i c i t y and l o s s . 
I t i s more prudent and f ru i t fu l to opt for semi-Intensive 
cu l t i va t i on where the aerat ion i s ava i lab le but bols tered 
minimally t o maintain oxygen a t approximately 5 ppm leve l s . 
Production of appropriate algae without contamina-
t ion i s another bas ic requirement. We could get help from 
the Botany department of the Madras University (who have 
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one of the f i n e s t a lga l c o l l e c t i o n s in t h e world) for 
developing a s u i t a b l e a l ga l system. 
Fur ther t h e need i s f e l t t o moxint t ime t a r g e t e d 
r e s e a r c h on t h e endocrinology of s e l e c t f i s h e s to ge t a 
b e t t e r tanderstanding of spawning and promoting b e t t e r 
growth; t h e r e i s a l so a need for eva lua t i on of sdiock and 
crop improvement by c r o s s - h y b r i d i s a t i o n t o produce 
g e n e t i c a l l y super io r progeny or even t r a n s g e n i c f i s h , 
THE INDIAN SCENE/NEED FOR FISH IN NUTRITION; 
Wbrld demand a t t h e t u r n of the cen tury for f i s h 
i s e s t ima ted to be of t h e order of 100 m i l l i o n tonnes or 
no re conpared to the p r e s e n t p roduc t ion of 75 railliones. 
Whereas in 1971 aquacu l tu re c o n t r i b u t e d only 6 , 1 pe rcen t 
of f i s h e r y p r o d u c t s , in 1986 i t ha s c o n t r i b u t e d over 12 
p e r c e n t of t h e s e p r o d u c t s , and i t i s e s t ima ted t h a t by 
t h e year 2000, t h e t o t a l a q u a c u l t u r e p roduc t ion would b e 
of t h e o rder of 26 m i l l i o n t o n n e s . Ind ia has 2,0 2 m i l l i o n 
square km of EEZ, 1, 517 km of c o a s t l i n e , more than 27,000 
km. l e n g t h of 14 l a r g e r i v e r systems and 2,7 m i l l i o n 
h e c t a r e s of i d e n t i f i e d water a rea in t h e form of r e s e r v o i r s , 
ponds e t c . Out of these , about 1 m i l l i o n h e c t a r e s a re 
b r a c k i s h water a r e a s l i k e mangroves, swamps, e s t u a r i e s , 
backwaters , lagoons and t i d a l c r e e k s . However, Ind ia 
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ranks only eighth in the world anongst the leading f ish 
producing countr ies and the f i sh production i s expected 
to r i s e from 3 mil l ion tonnes to about 6 mill ion tonnes 
by the year 2000. Vftiereas the world average a v a i l a b i l i t y 
of f i sh 11 to 12 kg. per head per year and in developed 
countr ies 24 kg per head per year, in India, i t i s only 
3 kg per head per year . The contr ibut ion of f ish inlndian 
d i e t a r i e s i s very small indeed, /toout 9,5 mill ion fishermen 
in India are involved in open water f i s h e r i e s . Since more 
than two-thirds of the world population and the majority 
of i t s l a r g e s t c i t i e s are located within 80 km of the 
coas t l ine , e s tua r ies and de l tas , capture f i s h e r i e s have 
always provided not only a major occupation but have also 
played a major ro l e in a l l ev i a t ing malnutr i t ion, especia l ly 
to the underprivileged people the world over. Only 1,6 
mil l ion tonnes of f i sh i s harvested from the sea in India, 
though many est imates ind ica te 4 to 5 mil l ion tonnes per 
year as the susta inable y ie ld . The major f i sh catches are 
15 to 16 percent sardines, 7 percent Indian mackerel, 14 
to 15 percent prawns, 5 percent tuna and 0 ,5 percent 
anchovies. The inland f i sh catches amount to aboOt 1 
mil l ion tonnes consis t ing of mostly ca t l a , rohu, mrigal 
and mahseer as also fresh water prawns. 
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The b io logica l value of f i sh p ro te in i s very high 
since i t contains proport ionately la rger amounts of lys ine 
and methionine the two amino-acids which are def ic ient in 
the mainly cereal d i e t s of titie poor sect ion of tiie 
populat ion. There i s epidemiological evidence tha t persons 
consuming d i e t s uich in f i sh have b e t t e r cardio-vascular 
hea l th than those consuming meats and other animal foods 
r i ch in saturated f a t t y acids . The high content of poly-
unsaturated f a t ty acids of the n-3 type of pa r t i cu l a r l y 
eicosapentaenoic (20:5, n-3) and docosahexaenoic (22;6,n-3) 
acids within some f i sh o i l s , l eads to a plasma t r i g l y e e r i d e 
and choles terol lowering e f f e c t . I t i s now thought that the 
in take of ^20* ^^'^ ^22 ^°^^^ ^^ ^~-^ acids as f ish o i l i s 
responsible for the lower frequencies of vascular disorders 
especia l ly ischaemic heart disease, among Eskimos and 
Japanese, whose d i e t contains la rger amounts of f ish o i l s 
are character ised by r e l a t i v e l y larger amounts of odd-C 
f a t t y acids (^15' '^u ^^'^ ^19 as in mullet) and a 
preponderance of poly-xinsaturated f a t t y acids of l ino len ic 
type (n-3)Qrater than of l i n o l e i c type (n-6) . 
NATIONAL POLICY FOR AQUACULTURE DEVELOPMENT 
GOfjjS OF AQUACULTURE IN INDIA: 
Among Hie g o a l s soxjght to b e a c h i e v e d t h r o u g h t h e 
d e v e l o p m e n t of a q u a c u l t u r e i n ou r c o u n t r y , t h e p r i m a r y 
o b j e c t i v e i s t o p r o d u c e p r o t e i n r i c h food and t h u s i m p r o v e 
hiiman d i e t a r y s t a n d a r d s . The o t h e r main a d v a n t a g e s and 
o b j e c t i v e s of a q u a c u l t u r e a r e : 
i ) D i v e r s i f y i n g rxaral p r o d u c t i o n ; 
i i ) I n c r e a s i n g enp loyment p o t e n t i a l t o p r o v i d e a l t e r n a t i v e 
employment t o r u r a l p e o p l e , e s p e c i a l l y women; 
i i i ) P r o d u c i n g more f i s h f o r l o c a l consumpt ion and t o 
improve t h e n u t r i t i o n s t a n d a r d s i n r u r a l a r e a s 
t h r o u g h a d d i t i o n a l s u p p l i e s of animal p r o t e i n ; 
iv ) R a i s i n g t h e n e t income o f t h e rx i ra l co r t i nun i t i e s ; and 
v) I n c r e a s i n g o p p o r t u n i t i e s f o r e a r n i n g f o r e i g n 
e x c h a n g e . 
AQUACULIURE IN THE MPRLD SCENE; 
Over t h e l a s t decade , f i s h p r o d u c t i o n i n t h e vforld 
h a s b e e n g rowing a t a s i g n i f i c a n t r a t e . While a s u b s t a n t i a l 
p a r t of t h e g rowth h a s come from t h e e x p l o i t a t i o n of m a r i n e 
f i s h e r i e s i n L a t i n America and a l s o i n South E a s t As ia and 
P a c i f i c , r e m a r k a b l e d e v e l o p m e n t s h a v e r a d i c a l l y t r a n s f o r m e d 
t h e a q u a c u l t u r e s c e n e , p a r t i c u l a r l y i n South E a s t A s i a . As 
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a r e s u l t , very r a p i d i n c r e a s e s in f i s h and shrimp p roduc t ion 
have been a t t a i n e d in c o u n t r i e s , such as , t h e P h i l i p p i n e s , 
Thai land, China e t c . 
INLAND FISHERIES POTENTIAL: 
I n d i a i s endowed with r i c h and v a r i e d in l and f i s h e r i e s 
p o t e n t i a l , which could be tapped through e x t e n s i v e and semi-
i n t e n s i v e f i s h c u l t u r e . As per t h e r e s o u r c e s t a t i s t i c s , 
t h e r e a r e more than 0 .75 m i l l i o n h e c t a r e s a rea of t anks 
and ponds; 1.4 5 m i l l i o n h e c t a r e s of l a k e s and r e s e r v o i r s ; 
1 m i l l i o n h e c t a r e s of d e r e l i c t water b o d i e s , ox-bow l a k e s , 
b e e l s and swamps; and 29,000 km. s t r e t c h of major r i v e r s 
and t h e i r t r i b u t a r i e s . I^e e s t i m a t e d f i s h e r y p o t e n t i a l 
from t h e r e s o u r c e s i s 4 . 5 m i l l i o n tonnes per annum, 
whereas t h e p r e s e n t l e v e l of f i s h p roduc t ion i s 1.3 m i l l i o n 
t onnes which inc reased from 0.22 m i l l i o n tonnes in 1950-51. 
During the cor responding pe r iod , f i s h p roduc t ion from the 
marine f i s h e r i e s sec to r i nc reased by two and a ha l f t imes 
only from 0.53 m i l l i o n tonnes t o 1.71 m i l l i o n tonnes by 
1987-88. 
Aquacul ture would be the mainstay for f u r t h e r 
development of in s i and f i s h e r i e s of I n d i a . With over 1.6 
m i l l i o n h e c t a r e s of f r e sh water and 2 m i l l i o n h e c t a r e s of 
b r a c k i s h water , a very l a r g e nuntoer of t r a i n e d and h igh ly 
q u a l i f i e d men would be r e q u i r e d for t r i g g e r i n g t h i s 
development. 
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Aquaculture has tJie same objec t ive as agr icu l tu re 
and livestoclc breeding, namely, to increase through science 
and technology the production of f i sh far higher than the 
l e v e l s at which at which i t i s produced na tu ra l ly . Like 
agr icu l ture , aquaculture includes the elimination of 
unwanted p l an t s and animals, the i r replenishment by 
des i rab le species, the improvement and upgradation of the 
species by cross-breeding and se lec t ion and the improvement 
of product iv i ty of the bio- type by the use of su i tab le 
f e r t i l i s e r s . J u s t as ovir endeavour i s to bring under crop 
production every poss ib le piece of area . and to 
increase crop product ivi ty , oxir aim in aquaculture should 
be to ensxare that every su i t ab le body of water must y ie ld 
an optimiam production of f ish crop. 
Recent advances in aquaculture have led to the 
establishment of a l a rge number of new f ish farms and 
introduced both t r a d i t i o n a l and non- t rad i t iona l communities 
in t h i s bus iness . Increased extension e f for t s , coupled 
with a v a i l a b i l i t y of loans and subsidies , have generated 
considerable i n t e r e s t in aquaculture both in the urban 
and ru ra l areas . Pond owners and entreprenexurs are malting 
increasing use of new technologies to obtain higher and 
yet h igheryie lds . The small farmers as also the entrepreneurs 
are making use of new technology, each making p r o f i t s 
according t© h i s own scale of inputs and level ofmanagement. 
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The p r e s e n t y i e l d s through s c i e n t i f i c aquacult iare range 
from 3000 t o 6000 kg per h e c t a r e per year , b u t through 
Water replenishment t h e y i e l d r a t e has been i nc r ea sed xxp 
t o 10000 kg per h e c t a r e per y e a r . Of t h e t o t a l p roduc t ion 
of f r e sh water f i s h , f r e sh -wa te r aquacu l tu r e c o n s t i t u t e s 
about 30 p e r c e n t . This p roduc t ion can e a s i l y be dotibled 
in the next f i v e y e a r s through f u r t h e r r e s e a r c h e s , manpower 
development and t r a n s f e r of technology, 
TECHNOLOGICAL DEVELOPMENT; 
Technological development in the r ecen t y e a r s in t h e 
f i e l d of d i f f e r e n t farming systems have g r e a t l y in f luenced 
a q u a c u l t u r e development the world over - and Ind i a ha sno t 
lagged behind in t h i s r e s p e c t . The Cen t ra l In land F i s h e r i e s 
Research I n s t i t u t e (CIFRI), p r e s e n t l y Cen t ra l In land 
C a p t u r e F i s h e r i e s Research I n s t i t u t e (CICFRI) and Cent ra l 
I n s t i t u t e of Freshwater Aquacul ture (CIFA) of t h e Indian 
Council of A g r i c u l t u r a l Research (ICAR) have demonstrated 
y i e l d s up t o 10 500 kg per h e c t a r e per year xinder c o n t r o l l e d 
exper imenta l c o n d i t i o n s , through s c i e n t i f i c composite f i s h 
farming. Some of the o t h e r n o t a b l e c o n t r i b u t i o n s made by 
t h e s e r e s e a r c h i n s t i t u t e s inc lude c o n t r o l l e d a r t i f i c i a l 
p ropaga t ion of Ind ian major ca rps and e x o t i c 
Chinese c a r p s by induced b reed ing , s t a n d a r d i s a t i o n 
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of nursery and rear ing p rac t i ces for increasing the 
product iv i ty of f i sh ponds, 
PRESENT STRATEGIES AND FUTURE PPLICIES; 
The s t ra tegy followed in developing fresh aquaculture 
in the co^untry includes the i den t i f i ca t ion of the following 
th rus t areas : 
i) Expansion of area under aquaculture thro ugh intensive 
semi-intensive and t r ad i t i ona l cu l tu re methods depending on 
dif ferent agro-climatic condi t ions . 
il^ Provision of a package of t echnica l , f inancia l and 
extension support to the farming community through Pish 
Farmers Development Agencies. 
i i i ) Creation of necessary in f ras t ruc tu re f a c i l i t i e s for 
production of qual i ty f ishseed. 
Iv) Integrat ion of f i s h e r i e s a c t i v i t i e s with the a n t i -
poverty programme namely, IRDP, NREP and RLEGP, 
v) Adoption of a su i t ab le leas ing policy for making 
l a rge water areas avai lable for aquaculture. 
vi) Increased a v a i l a b i l i t y of c r ed i t from f inancia l 
i n s t i t u t i o n s . 
v i i ) P r iva t i sa t ion of f i sh seed production, 
v i i i ) Manpower development and t r a i n i n g . 
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FISH FARMERS' DEVELOPMENT AGENCIES; 
The government in t roduced the concept of Fish 
Farmers ' Development Agency (FFDA) in 1973, These FFDAs 
have spearheaded the aquacu l tu re development in t h e 
cotontry. They p rov ide a package of necessa ry technology, 
ex tens ion , f i nance and i n p u t s to the f i s h farmers under 
one roof . Through the FFDAs, over 0,20 m i l l i o n h e c t a r e 
of t a n k s and ponds have been brought under s c i e n t i f i c 
aquacu l tu r e in the count ry b e n e f i t i n g 2 lakh t r a i n e d f i s h 
f a rmer s . The average per h e c t a r e p roduc t ion from f i s h 
ponds inc reased from 50 )jg per year in 1973-74 t o 1560 kg 
per year by 1987-88 through the e f f o r t s of FFDAs. However, 
i n i s o l a t e d c a s e s p roduc t ion as h igh as 20 me t r i c tonnes 
per h e c t a r e per year has been achieved. 
The p o l i c y of t h e government i s to expand t h e area 
of o p e r a t i o n of t h e s e FFDAs t o more p o t e n t i a l d i s t r i c t s / 
a r e a s in t h e next few y e a r s . The u l t i m a t e goal of t h e s e 
fFDAs would be t o b r i n g under f i s h c u l t u r e a l l t h e p o t e n t i a l 
water a r e a s (0.7 5 m i l l i o n h e c t a r e s ) in t h e form of tanks 
and ponds by the t u rn of t h e century and t o i nc r ea se the 
l e v e l of p r o d u c t i v i t y a t l e a s t t o t h r e e to four t imes t h e 
p r e s e n t l e v e l of p r o d u c t i v i t y through s e m i - i n t e n s i v e and 
i n t e n s i v e cul t iore p r a c t i c e s . 
INTEGRATION OF FISH FARMD^ IG WITH IRDP/RLEGP/NREP; 
A beginning has been made for i n t e g r a t i n g f i s h 
cul tx i re programmes in the country with I n t e g r a t e d Rural 
Development Progranme (IRDP), Nat ional Rural Errployment/ 
Rural Labour Enployment Genera t ion Programme (RLEGP), e t c . 
which would be pursued v i g o r o u s l y , 
FISH SEED PRODUCTION; 
Rapid i n c r e a s e in the a rea under p i s c i c u l t u r e has 
promoted p roduc t ion of q u a l i t y f i s h seed under c o n t r o l l e d 
c o n d i t i o n s on a l a r g e s c a l e , both in Chinese t ype eco-
h a t c h e r i e s and the Hungar ian- type indoor ha tche ry systems. 
The f i s h seed p roduc t ion , which was a t a l e v e l of 1,04 8 
m i l l i o n f ry in 1979-80 has gone up to 9,300 m i l l i o n f ry 
by 1987-88. The phenomenal success of t h e e c o - h a t c h e r i e s 
in d i f f e r e n t p a r t s of Ind ia in the l a s t seven to e i g h t 
y e a r s . This has been a s p e c t a c u l a r achievement in 
aquacu l tu r e development. Commercial p roduc t ion of carp 
seed i s an indus t ry in West Bengal, where a number of 
h a t c h e r i e s have come up in the p r i v a t e s e c t o r . In o'llher 
s t a t e s , b a r r i n g Andhra Pradesh, l^owever, i t i s y e t to 
t a k e r o o t . 
The requi rement of f i s h seed i s l i k e l y to be around 
22000 m i l l i o n by the year 2000. I t i s , t h e r e f o r e , the 
p o l i c y of the government t o encourage the e s t ab l i shmen t 
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of i nc reased nuirber of h a t c h e r i e s in t h e p r i v a t e s e c t o r 
for Co r r ec t i ng the r e g i o n a l iirtoalances in f i s h seed 
p roduc t ion in the y e a r s to come. 
INTEGRATED FISH FARMItXS; 
Mutual advantages de r ived by v e r t i c a l i n t e g r a t i o n 
of f i s h farming with a g r i c u l t u r e and animal husbandry a re 
i n c r e a s i n g l y f e l t in d i f f e r e n t p a r t s of the world. I t has 
proved t h a t e f f i c i e n t use of the b i o l o g i c a l n iche in a 
pond i s p o s s i b l e through double cropping for i nc r ea s ing 
t h e per u n i t a rea p r o d u c t i v i t y . In China, for exanple, in 
t h e Yangtze r i v e r b a s i n , which accounts for more than 60 
p e r c e n t of tihe c o u n t r y ' s f resh water f i s h p roduc t ion , the 
n e t y i e l d from i n t e g r a t e d f i s h farms provided with a e r a t o r s , 
i s as h igh as 9000 to 13000 kg per h e c t a r e per y e a r , 
ooyabean, cabbage, sugar -cane , e t c . , a r e a l so c u l t i v a t e d 
©n t h e d ike s of t h e ponds which form pond i n p u t s . 
Paddy-cum-cul ture p r a c t i c e h a s been a t r a d i t i o n in 
many South and South Eas t Asian c o u n t r i e s for c e n t u r i e s . 
I n t e g r a t i n g aquacu l tu r e with a g r i c u l t u r e as an improved 
p roduc t i on system a s s u r e s more r e t u r n from u n i t l and a rea 
than from c u l t i v a t i o n of paddy a l o n e . This s o r t of 
i n t e g r a t e d farming can be fol lowed in the n o r t h - e a s t e r n 
s t a t e s of West ^enga l , Or i s sa , no r th Bihar and e a s t Ut ta r 
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P r a d e s h . Such an i n t e g r a t e d p a d d y - c u m - f i s h f a r m i n g w i l l 
a l s o a c t a s a means of b i o l o g i c a l c o n t r o l of p e s t s i n 
paddy f i e l d s . In ou r c o u n t r y , a t t e i t p t s a r e a l s o b e i n g 
made t o r e f i n e t h e t e c h n o l o g y o f i n t e g r a t e d f i s h f a r m i n g 
w i t h duck, p i g , c h i c k e n , e t c . I t i s t h e p o l i c y of t h e 
government t o e n c o u r a g e i n t e g r a t i o n of f i s h c u l t u r e w i t h 
o t h e r s y s t e m s of f a r m i n g f o r making a q u a c u l t u r e more 
p r o f i t a b l e w i t h minimal i n v e s t m e n t . 
INCREASING FISH FRQDUCTIVIIY AND PRODUCTION; 
F i s h p r o d u c t i v i t y and p r o d u c t i o n i n f i s h p o n d s 
c o u l d b e i n c r e a s e d t h r o u g h i i t p roved s c i e n t i f i c f i s h pond 
management and con^/erting t h e s e f a r m s i n t o ' f a c t o r i e s ' 
f o r f i s h p r o d u c t i o n . Improv ing t h e p r o d u c t i v i t y of t h e 
f i s h p o n d s t h r o u g h f e r t i l i s a t i o n and manurdLng; a e r a t i o n 
of t h e w a t e r t h r o u g h i n s t a l l a t i o n of a e r a t o r s ; s t o c k i n g 
t h e p o n d s i n o p t i m a l d e n s i t y w i t h h e a l t h y f i s h and q u a l i t y 
s e e d and w i t h p r o v i s i o n of s u p p l e g i e n t a r y p e l l e t i s e d f e e d 
a r e t h e major s t e p s which a r e to b e f o l l o w e d f o r i n c r e a s i n g 
t h e f i s h p r o d u c t i v i t y i n s e m i - i n t e n s i v e and i n t e n s i v e 
f a r m i n g s y s t e m s . 
INTENSIVE FISH FARMING; 
I n t e n s i v e f i s h f a r m i n g i n c l o s e d r e c i r c u l a t o r y 
s y s t e m ; r a c e w a y s and i n c a g e s i s t h e o t h e r r e c e n t d e v e l o p -
ment i n a q u a e u l t x j r e which i s y e t t o b e a d o p t e d i n I n d i a . 
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In t h e South Eas t Asian and some of t h e European c o u n t r i e s , 
f i s h productcbn from these i n t e h s i v e f i s h farming systems 
i s in the range of 20 t o 2 50 tonnes per h e c t a r e . In t he se 
s o p h i s t i c a t e d in tens i^© f i s h c u l t u r e systems, f i s h p roduc-
t i o n could be i nc r ea sed manifold by e l i m i n a t i o n of n i t r o -
genous was tes ; i n c r e a s i n g t h e a v a i l a b i l i t y of d i s s o l v e d 
oxygens by i n s t a l l i n g a e r a t o r s and p rov id ing supplementary 
p e l l e t i s e d feed through mechanical demand f eede r s and so on, 
RESEARCH NEEDS FOR INTENSIVE AQUACULTURE: 
Since h i - t e c h i n t e n s i v e f i s h farming i s c a p i t a l 
i n t e n s i v e r e q u i r i n g use of s t a b i l i s e d corrplete feeds , high 
s t o c k i n g d e n s i t i e s and improved t echn iques in farming, 
c o n s i d e r a b l e t e c h n i c a l f i n a n c i a l a s s i s t a n c e i s needed 
from t h e major exper ienced c o u n t r i e s , FPO, i n t e r n a t i o n a l 
and n a t i o n a l f i n a n c i a l agenc ies , e t c . i f Ind ia has to 
r e a l i s e and u t i l i s e t h i s aquacu l tu r e p o t e n t i a l r a p i d l y . 
I n t e n s i f i c a t i o n of f i s h farming a l s o needs r e s e a r c h support 
p a r t i c u l a r l y in t h e f i e l d of f i s h n u t r i t i o n , feed technology, 
b r e e d i n g b io logy , g e n e t i c s , d i s e a s e s and f i s h h e a l t h , pond 
management e t c . Therefore , t he ix)l icy of the government 
w i l l be t o equip the r e s e a r c h l a b o r a t o r i e s adequate ly and 
b u i l d up t r a i n e d manpower for under tak ing app l i ed r e sea r ch 
in aquacu l tu r e development methodologies , which w i l l y i e l d 
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optimum f i sh production from different resources^ including 
the non-conventional ones. 
WASTE-WATER AGUACULTURE; 
Waste water (sewage) could be rec la imed and reused 
through an e c o l o g i c a l l y ba lanced system mainly for aqua-
c u l t u r e and a g r i c u l t u r e . These waste wa te r s have a good 
u t i l i t y v a l u e in enhancing the f e r t i l i t y of tJie f r e sh 
water ponds, i h e annual average p roduc t ion of ca rps from 
sewage-enr iched water in t h e Eas t Exiropean c o u n t r i e s , 
I s r a e l , China and Java , i s e s t ima ted t o vary between 3 and 
4 . 5 tonnes per h e c t a r e . In India , t h e r e a r e over 132 
sewage-fed f i s h farms cover ing an a rea of 12,000 h e c t a r e s . 
In f a c t , sewage-fftd f i s h e r i e s a c t as b i o l o g i c a l r e a c t o r s 
t o p u r i f y tiie l i q u i d waste and main ta in eco log i ca l b a l a n c e . 
The government, t h e r e f o r e , propose t o i n c r e a s i n g l y u t i l i s e 
the non-convent ional f i s h e r i e s r e s o u r c e s for aquacu l tu re 
BRACKISH-WATER AQUACULTURE; 
Brackish-water aquacul t t i re i s an area where t h e 
p o t e n t i a l for development i s very high, bo t Ind ia has not 
been a b l e to achieve adequate p r o g r e s s . Wsrld-wide, a t t e na-
t i o n i s now focussed on i n c r e a s i n g p roduc t ion of sh r inp 
mainly for expor t pu rposes . While technology of farming 
and p ropaga t ion of a few penae id prawns, m u l l e t s , milk 
f i s h , p e a r l spot e t c . has been developed to some e x t e n t . 
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the technologies for successful cu l tu re of edible oysters 
and clams in the brackish-water areas and rtiariculture of 
pear l oys ters , sea weeds and lobs te r s , along the in-shore 
coastal b e l t are yet to be perfected in India . 
Presently, about 51000 hec ta res brackish-water area 
i s u t i l i s e d for carrying out prawn cu l tu re by t r a d i t i o n a l 
methods and inproved p rac t i ces , producing about 21000 
tonnes of prawn, with an average y i e ld of about600 kg per 
hec ta re per year. Experimental s tud ies in our country have 
es tab l i shed that y i e ld s upto 2670 kg per hectare per year 
are poss ib le from polycul ture of twospecies of prawns. In 
some of the prawn farms maintained by Hindustan 
Lever Ltd, the average y i e ld has been 3,8 tonnes per 
hec ta re with a maximum production of 4,6 tonnes per 
hec tare v^ich i s ' •Qie h ighes t recorded so 
far in India . However, in some of the South East Asian , 
Paci f ic and other countr ies , very high product ivi ty l eve l s 
in prawn farming have been achieved. VThile in most of the 
farms in Japan an average product iv i ty of 8to 10 tonnes per 
hec ta re per year in common, Taiwan claims to have achieved 
a product iv i ty level of about 20 tonnes in prawn farming. 
Much i s needed to be done, therefore , in India to 
augment the product iv i ty in brackish-water aquaculture farms. 
I t i s therefore, the policy of the government to encourage 
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brac3<ish-water a q u a c u l t u r e development in the coiihtry 
through a technology package^ t r a i n i n g ad f i n a n c i a l and 
ex tens ion suppor t a s in t h e c a s e of f r e sh -wa te r aquacult iore. 
CONSTRAHTTS TO BRACKISH-WATER AQUACULTURE: 
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Brackish-Water f i sh farming in India has so far 
remained p r a c t i c a l l y confined to prawn farming and tha t 
too through t r a d i t i o n a l methods, along with paddy, 
p a r t i c u l a r l y in the s t a t e s of West Bengal, Kerala, Goa 
and Karnataka, Even semi-intensive cu l ture , not to speak 
of the in tens ive cul ture , in brackish-water aquaculture 
i s s t i l l not widely p rac t i sed . The major cons t ra in t s 
hanpering the development of brackish-water aquaculture 
in the country include the following : 
i) Absence of r a t iona l and p r a c t i c a l land use policy 
adopted by some of the maritime s t a t e s ; 
i i ) no n-avai l a b i l i t y of indigenous technology in 
hatchery production of prawn seed; 
i i i ) absence of su i t ab le technology of prawn feed; 
v) low p r i o r i t y accorded by the s t a t e governments to 
brackish-water aquaculture; and 
vi) lack of e f fec t ive extension support to the farming 
Community. 
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The government p o l i c y on b r a c k i s h - w a t e r aquacu l tu r e 
ddvelopment in the count ry , i s t h e r e f o r e , t o b r i n g about 
upgrada t ion of r e q u i r e d technology through irrport and 
i n d i g e n i s a t i o n and p r o v i s i o n of an e f f e c t i v e package 
cover ing f i n a n c i a l , t e c h n i c a l and ex t ens ion sxi^jport t o the 
farming community. 
BACKYARD HATCHERIES: 
The p r e s e n t l e v e l of f i n f i s h and s h e l l seed produc-
t i o n and the i n f r a s t r u c t u r e f a c i l i t i e s a v a i l a b l e are 
inadequa te to meet the ever i n c r e a s i n g demand of seed of 
cul txarable s p e c i e s . In Thai land, a s i n p l i f ied bu t e f f e c t i v e 
ha t che ry system evolved has a ided in t h e e s t ab l i shmen t 
of innumerable ' backyard h a t c h e r i e s ' fo r r e a r i n g sh r inp 
seed . The l a r v a l shrirrps a r e px^rchased from c e n t r a l 
h a t c h e r i e s by the owners of backyard h a t c h e r i e s and 
r e a r e d up t o EL 20 s t a g e . Ihe system invo lves a small 
cement c y s t e r n or a f i b r e g l a s s tank and a b a t t e r y of 
wooden b a r r e l s , having water c i r c u l a t i o n and a e r a t i o n 
f a c i l i t i e s . The l a r v a e a r e fed with c u l t u r e d a lgae and 
naupi i . of b r i n e shrilnp as feed . This system of backyard 
h a t c h e r i e s in Thai land has t o be adopted in I nd i a for 
success fu l b r ack i sh -wa t e r a q u a c u l t u r e . 
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MARICULTURE: 
In t h e c a s e o f r n a r i c u l t u r e , I n d i a i s y e t t o s e e a 
commerc ia l v e n t u r e which i s u n d e r t a l c i n g c u l t u r e of l o b s t e r s , 
o y s t e r s and s e a weeds . Even though t e c h n o l o g i e s h a v e been 
d e v e l o p e d by t h e C e n t r a l Mar ine F i s h e r i e s I n s t i t u t e (CMFRI) 
f o r c u l t u r e of p e a r l o y s t e r s and e d i b l e o y s t e r s and c u l t u r e 
of s e a weeds, t h e t e c h n o l o g i e s a r e y e t t o b e p e r f e c t e d f o r 
a p p l i c a t i o n i n t h e f i e l d l e v e l . T h e r e f o r e , t h e r e i s a 
n e e d f o r i n c r e a s i n g r e s e a r c h and deve lopmen t (R&D) e f f o r t s 
f o r e v o l v i n g a p a c k a g e o f s i n p l i f i e d t e c h n o l o g i e s f o r 
f a r m i n g o f t h e s e m a r i n e o r g a n i s m s on a commerc ia l s c a l e , 
which s h o u l d i n c l u d e p r o c e s s i n g and p r o d u c t d e v e l o p i n g 
t h r o u g h t e c h n o l o g y i n p u t s . 
AQUACULTURE IN INDIA - PROBLEMS 
AND PROSPECTS 
WORLD SUPPLY AND DEMAND FOR FISH; 
By 2000, t h e p r o j e c t e d demand f o r f i s h i s a b o u t 130 
m i l l i o n t o n n e s a s a g a i n s t t h e p r o d u c t i o n of aibout 90 m i l l i o n 
t o n n e s . A q u a c u l t u r e p r o d u c t i o n i s e x p e c t e d t o c o n t r i b u t e 
15 t o 20 m i l l i o n t o n n e s . T h e r e f o r e , t h e demand w i l l b e 
g rowing n o r e r a p i d l y t h a n t h e s i ;pply i n many c a s e s . 
The widen ing gap be tween"" s u p p l y and marke t demand 
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w i l l , the re fore^ have to be met through a l t e r n a t i v e , 
u s u a l l y l e s s d e s i r a b l e p r o d u c t s from c a p t u r e f i s h e r i e s 
or t r a d i t i o n a l seafood i tems produced through a q u a c u l t u r e . 
A c l o s e s c r u t i n y of t h e t r e n d in consunpt ion in the U.S.A. 
r e v e a l s t h a t t h e r e i s a genera l consximer s h i f t from red 
meat towards seafood and p o u l t r y . Th is has c a l l e d for new 
s p e c i e s and s u p p l i e s . Heal th b e n e f i t s of seafoods a r e 
expec ted t o s t i m u l a t e consumer demand in the U.S.A. and 
o t h e r developed c o v m t r i e s . The per c a p i t a consurtption of 
seafoods i s s t e a d i l y i n c r e a s i n g and a one k i l o i nc rea se 
per c a p i t a in tiie U.S.A. would need one m i l l i o n tonnes of 
a d d i t i o n a l seafood and t h i s market a lone wi l l be absorbing 
a l a r g e q u a n t i t y of seafood in the coming y e a r s . Therefore , 
as S a k t i v e l (1987) of the MPEDA has r e c e n t l y suggested, 
we should work o u t a p roduc t ion and market ing s t r a t e g y 
t o t ake f u l l advantage of the expanding market ing 
o p p o r t u n i t i e s for Ind ian seafood in coxintr ies such as 
the U.S.A. 
THE INDIAN SCENARIO; 
The a q u a c u l t u r e technology h a s advanced to such an 
e x t e n t t h a t f i s h can be produced where t h e r e i s l i g h t and 
wa te r . The t r o p i c s abounded in bo th t h e s e r e sou rce s in an 
abundant measure, and he re , f r e s h b r a c k i s h and sea water 
can be e f f e c t i v e l y u t i l i s e d for t h e p roduc t i on of f i s h 
through a q u a c u l t u r e . The world aquacu l tu re p roduc t ion has 
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touched 11 mill ion tonnes and i s expected to reach 22 
mil l ion tonnes by Hie turn of the century. In te res t ing ly 
Asian countr ies dominate the scene and account for 60 per-
cent of the to ta l production in which India and China take 
a s izeable share in fresh water f i sh production (nearly 
3.2 mil l ion tonnes) . By v i r t u e of i t s geographical 
s i t u a t i o n in the monsoonal be l t / India i s endowed with 
good r a i n f a l l which accounts for extensive fresh and brack-
ish water bodies ideal for aquaculture opera t ions . Lakes 
in ttxe high a l t i t u d e s provide su i t ab l e condit ions for the 
cu l tu re of cold water species such as t r o u t s . Nearly, 4 
mi l l ion hectares of water spread area ex i s t as lakes, 
r e se rvo i r s , tanks, ponds and ao on. Besides these, there 
are the shallow, shel tered areas and lagoons along the 
long coast l ine su i tab le for maricul ture , Aquaculture i s 
thus poss ib le in a massive way for shel l f i shes such 
as shrinps, prawns, crabs, oys te rs , clams, mussels e t c , , 
a va r i e ty of f in f i shes and also for several species of 
very valuable seaweeds. Thus aquaculture undoubtedly i s a 
boon especia l ly for developing countr ies such as India 
with a l l the vigour and growth p o t e n t i a l . I t would ce r ta in ly 
turn out to be a very l uc ra t i ve en terpr i se , at the same 
time, a cheapsource of pro te in t o coirtoat malnutr i t ion. 
The n u t r i t i v e q u a l i t i e s of aquaculture products are b e t t e r 
than farm animals, with high conversion efficiency , This 
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avoca t ion i s impor tant for t h e development of r u r a l a r e a s 
and would pu t to optimum use fa l low and d e r e l i c t a reas 
l y i n g vacan t a t p r e s e n t for eixployment and income gene ra t ion 
of t h e r u r a l f o l k . Aquacul ture could a l s o be e f f e c t i v e l y 
used for the r e - s e e d i n g of over e x p l o i t e d stocX of the sea 
and o the r n a t u r a l b o d i e s of wa te r . 
POTENTIALITIES FOR AQUACULTURE IN INDIA AND THE 
CONCERNED SPECIES; 
Fish c u l t u r e has been an age-o ld p r a c t i c e in our 
count ry , bu t i t s importance as a source of food p roduc t ion 
and to develop i t as an indus t ry on s c i e n t i f i c l i n e s has 
been c o n p a r a t i v e l y r e c e n t . The e s t ab l i shmen t of the Cent ra l 
In land F i s h e r i e s S t a t i o n in 1947 t o conduct s c i e n t i f i c 
i n v e s t i g a t i o n s for an a p p r a i s a l of t h e i n l and f i s h e r i e s 
r e s o u r c e s of the country and for evolv ing s u i t a b l e methods 
d i r e c t e d towards t h e conse rva t ion , development and manage-
ment has been the f i r s t forward s t e p in t h i s d i r e c t i o n . 
In 1961, the s t a t u s of t h i s s t a t i o n was r a i s e d to t h a t of 
an i n s t i t u t e and d e t a i l e d i n v e s t i g a t i o n s were i n i t i a t e d 
on v a r i o u s a s p e c t s of management of c u l t u r e f i s h e r i e s and 
er tphasis was l a i d on p roduc t ion and p rob lem-or i en ted 
r e s e a r c h programmes and c o n s i d e r a b l e headway has s i n c e 
been made in in land f i s h e r i e s r e s e a r c h . 
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There are extensive swairps in many s t a t e s of India 
which are at present lying d e r e l i c t . Reclamation of svich 
swairps into f i sh ponds i s recognised as an effect ive means 
of making them productive. Similarly, a very l a rge nurrber 
of lakes , tanks and ponds occur a l l over the coxmtry. Three 
mil l ion hec ta res are ava i lab le in the form of rese rvo i r s 
and th i s area i s l i ke ly to double by the turn of the 
century. An these bodies of water could be used for the 
production of a var ie ty of f in f i sh as well as shel l f ish 
using su i t ab le techniques. In order to obtain maximum 
production through the ef fec t ive u t i l i s a t i o n of every 
niche ava i lab le in a body of water, fast-growing conpatible 
species of f i sh of d i f ferent feeding hab i t s or d i f ferent 
weight c l a s ses of the same species could be stocked 
together in the same pond. Termed as mixed f i sh farming, 
conposite f i sh cu l tu re or polycul ture , such a system 
using compatible f i shes of d i f ferent feeding hab i t s when 
stocked together, secxare for themselves in the most 
e f f i c ien t manner, a l l l i f e r e q u i s i t e s ava i lab le in the 
water without harming each o ther . F i r s t developed in 
China, t h i s system i s now widely p rac t i sed with great 
success with dif ferent conbinations of f i shes in many 
Countr ies . 
Air breathing, carnivorous f i shes such as murrels, 
koi , s inghi and nagur are also economically important and 
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these coulel be reared in marshy swamps, not qui te su i t ab le 
in 
for other ty^es, since they can survive even/Mater of low 
oxygen content . 
In paddy f i e ld s which r e t a in water for three t o 
e igh t months in a year paddy-cum-fish in f i e l d s which 
remain flooded after the paddy i s harvested could also 
serve as an off-season occupation for farmers. In t h i s 
context the major problem i s the introduction of high 
y ie ld ing v a r i e t i e s of paddy which need a massive dose of 
p e s t i c i d e s which are detrimental to f i sh . 
Similarly, the fresh water prawns of the genus 
Macrobrachium has, of l a t e , become a very iitportant group 
for aquaculture on account of the easy a v a i l a b i l i t y in 
nature of be r r i ed females almost throughout the year, 
high hatching r a t e s , p o s s i b i l i t i e s for mass rearing 
under control led condit ions and f a s t growth in confined 
fresh waters. M. rosenbergi i and _M. rude are the most 
important in t h i s connection. Mixed cu l tu re of these 
prawns with su i tab le contoination of the Indian major 
carps, minor carps, exotic carps, milk f ish , mullets on 
gourami could be t r i e d with considerable advantage. West 
Bengal and Kerala have the bes t p o t e n t i a l i t i e s for the 
cu l t u r e of Macrobrachium. Growing to harvestable s ize in 
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a b o u t s i x n o n t h s , i t h a s good demand in Europe and U.S .A. 
I t i s p o s s i b l e t o p r o d u c e a t l e a s t 5000 t o n n e s wor th U . S . 
$ 40 m i l l i o n a n n u a l l y . 
INDIA' S SHRIMP INDUSTRY: 
Of a l l t h e a q u a c u l t i o r a l p r o d u c t s , t h e p rawns and 
s h r i n p s a r e c o n s i d e r e d t o b e t h e mos t i n p o r t a n t by v i r t u e 
of t h e i r h i g h u n i t v a l u e ( n e a r l y US $26 p e r kg) p e r s i s t e n t 
demand and u n i v e r s a l a p p e a l among t h e wea the r n a t i o n s of 
t h e w o r l d . Be ing t h e f a s t e s t moving con^nodity, i t i s f o n d l y 
r e f e r r e d t o a s t h e ' d a r i n g * of -die s e a f o o d i n d u s t r y . 
The demand f o r p rawns i n t h e w o r l d marl<et i s e x p e c t e d 
t o b e d o u b l e d i n iftie n e x t 10 y e a r s f rom t h e p r e s e n t l e v e l 
of 5 , 1 0 , 0 0 0 t o n n e s w o r t h US $3 b i l l i o n . In t h i s c o n t e x t , 
I n d i a h a s a major r o l e t o p l a y and i t would b e p o s s i b l e 
t o ?3Sh i n on t h e l u c r a t i v e wor ld m a r k e t t o t h e maximum 
a d v a n t a g e and i n p r o v e t h e economy of t h e f i s h e r f o l k i n 
r u r a l a r e a s . I n d i a h a s n e a r l y 1.5 m i l l i o n h e c t a r e s of 
b r a c k i s h w a t e r a r e a a l l a l o n g t h e c o a s t of which n e a r l y 
1 m i l l i o n h e c t a r e s a r e s u i t a b l e f o r a q u a c u l t u r e . Of t h e s e , 
o n l y 4 4 , 0 0 0 h e c t a r e s a r e a t p r e s e n t u t i l i s e d ma in ly i n 
West Bengal (25000 h e c t a r e s ) , K e r a l a (6000 h e c t a r e s ) , 
K a r n a t a k a (8000 h e c t a r e s ) and Gba (5000 h e c t a r e s ) f o l l o w i n g 
t r a d i t i o n a l p r a c t i c e s . The r e s t of t h e a r e a i n t h e form 
of m u d - f l a t s , mangroves , l a g o o n s , t i d a l c h e e k s e t c , i s 
a t p r e s e n t l y i n g u n u t i l i s e d and s e r v e s a s dumping p l a c e s 
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f o r domestic , i n d u s t r i a l and municipal was t e s . Even in the 
a r e a s of cultxire our p roduc t ion per h e c t a r e i s d i s t r e s s -
ing ly low and i t i s i r rpera t ive t h a t we r e s o r t to modern 
t echn iques and j o i n the world shrimp aquacu l tu re r ace , 
i n t r o d u c i n g v igour and v i t a l i t y t o t h e p r o f e s s i o n . 
PRESENT STATUS OF SHRIMP FARMING IN INDIA; 
The Sundarban region of West Bengal (40000 hec ta re s ) 
i s one of t h e most i dea l a r e a s for t h e farming of t h e t i g e r 
prawn (p . nonodDn) on account of t h e favoiorable t i d a l 
a n p l i t u d e , s a l i n i t y , ranges , o i l c o n d i t i o n s and the 
a v a i l a b i l i t y of n a t u r a l seed. Nearly 25,000 h e c t a r e s a re 
a l r eady under a q u a c u l t u r e and the scope for development 
in Sundarbans i t s e l f i s enormous. 
In Or i s sa , t he Chi lka Lake i s famous for i t s prawn, 
and f i s h f r y r e s o u r c e s and e x t e n s i v e a reas a r e a v a i l a b l e 
in t h e c o a s t a l d i s t r i c t s for a q u a c u l t u r e . The prawn-seed 
r e s o u r c e s of t h e Chi lka l a k e which used t o be wasted a r e 
be ing e f f e c t i v e l y u t i l i s e d by s e t t i n g xxp l a r g e farms in 
t h e p e r i p h e r y of t h e l a k e in the j o i n t s e c t o r . There a r e 
a l so p l a n s for s e t t i n g xip h a t c h e r i e s with fo re ign c o l l a b o -
r a t i o n and a s s i s t a n c e from MPEDA. 
Andhra Pradesh has e x t e n s i v e b r a c k i s h water bod ies 
with a t o t a l water spread a rea of 150,000 h e c t a r e s in the 
9 c o a s t a l d i s t r i c t s . The farmers with t h e a i d of s u b s i d i e s 
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and advice from MPEDA are evincing a >:een i n t e r e s t in 
s c i e n t i f i c prawn farming. They are a lso planning the 
sSt t ing up of prawn ha tcher ies to boost the production 
of the much needed seed. 
The conditions prevai l ing in Tamil Nadu are not 
qu i te conducive for prawn farming, Yet^ e f for t s are being 
made to develop su i tab le areas and a l l o t them to fishern^n 
cooperative soc i e t i e s to increase production. The Bay of 
Bengal Programme of the F.A.o. has proved the economics 
of pen cu l tu re in K i H a i backwaters. Pul icat lake i s also 
qui te su i tab le for aquaculture. 
In Kerala, out of nearly 2,4 2,000 hectares of 
bracKish water, an area of nearly 6000 hectares i s under 
t r a d i t i o n a l prawn cu l t i va t i on . Ernakulam d i s t r i c t has 
about 4600 hec ta res , Paddy-curo-prawn cu l tu re appears to 
be the best way of u t i l i s i n g t h i s area for maximum benef i t . 
I t should also be poss ib le to introduce su i tab le technology 
inputs to inprove t h i s age-long method for increasing the 
production. I t i s e ssen t ia l tha t su i t ab l e areas be chosen 
for semi-intensive or intensive cu l tu re in the cooperative 
sector and under self-enrployment and other such su i t ab le 
schemes. Hatcheries have to be planned and seed banks and 
nurser ies , have to be developed in a l l the coastal d i s t r i c t s . 
The prawn seed and pos t - l a rvae now underut i l i sed or 
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destroyed can be ef fec t ively cultxired through proper 
t r a in ing of the fishermen and thus provide value addition 
to t h i s na tura l resource. For a l l these, i t i s imperative 
tha t the s t a t e government evolves the needed policy for 
land allotment. 
Nearly 3,76,000 hectares of t i d a l mud-flats with 
high t i d a l amplitudes are ava i lab le in Gujarat. The condi-
t ions are qui te su i t ab le for brackish water f i sh-shr inp 
farming. Urgent measures have to be taken for providing 
extension serv ices to farmers in shrimp farming and the 
s t a t e government should frame the needed land allotment 
pol icy to encourage entrepreneurs including proviate 
conpanies, 
Maharashtra s t a t e has 80,000 hec tares of brackish-
water area most of which i s unu t i l i sed for want of technical 
guidance to undertake the survey of su i t ab le area for farming. 
For want of local extension service, the en thus ias t ic en t r e -
preneurs are unable to proceed. No progress has been made 
in land al lotment. The government has recent ly se t up a 
prawn hatchery near Bortba^ and a model farm in Ratnagi r i . 
Five thousand hectares of brackish-water area i s 
under t r a d i t i o n a l f i l t r a t i o n in Goa. Sc ien t i f i c farming 
p r a c t i c e s are non-existent and v i r t u a l l y unknown to farmers. 
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In Karnataka n e a r l y 8000 h e c t a r e s of b r ack i sh -wa te r 
a rea i s a v a i l a b l e , ha l f of which i s under t r a d i t i o n a l 
fa rming. To in t roduce s c i e n t i f i c prawn farming in t h e 
t r a d i t i o n a l farming area adequate i n f r a s t r u c t u r a l f a c i l i -
t i e s have t o be c r e a t e d for t h e supply of wa te r . The s t a t e 
government has y e t t o t ake p o l i c y d e c i s i o n s to promote 
prawn farming s t a r t i n g with land a l l o t m e n t . 
WORLD PRODUCTION OF SHRIMPS: 
To ta l World p roduc t ion of shr i r tps has been showing 
a s teady i n c r e a s e s i n c e t h e s i x t i e s . In 1972, i t was recorded 
at 1.2 m i l l i o n tonnes l i v e weight which inc reased by 71 p e r -
cen t by 1982 t o t a l l i n g 1.69 m i l l i o n t o n n e s . During t h e l a s t 
few y e a r s , world p roduc t ion s tayed a t an average between 
1.6 and 1.7 m i l l i o n t o n n e s . The top 20 producing c o u n t r i e s 
accounted for 83 p e r c e n t of the world t o t a l productdn with 
Ind ia l e ad ing a t 0 ,215 m i l l i o n t o n n e s . I t i s noteworthy 
t h a t 70 p e r c e n t of t he sh r inp producing c o u n t r i e s a re 
developing c o u n t r i e s (Table-1) . 
In 1983, the four l e ad ing p roduce r s in the Asia-
P a c i f i c r eg ion were India , China, Thai land and Indones ia . 
The o t h e r major Asian producers were Malaysia, Japan, 
P h i l i p p i n e s , Vietnam, Korea and P a k i s t a n . Total p roduc t ion 
from t h i s r eg ion was 1,000, 500 tonnes , r e p r e s e n t i n g 56.9 
p e r c e n t of t h e world t o t a l . 
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Table -1 
Nominal Shriirp Catch, in tonnes 1983 
Country Catch (tonnes) 
I n d i a 214,980 
China 18 5,790 
Thai land 173,967 
Indones ia 129,610 
U.S.A. 119,906 
Malaysia 76,475 
Norway 7 5,0 35 
Mexico 6 5, 586 
Japan 61,943 
P h i l i p p i n e s 55,748 
B r a z i l 50,660 
Vietnam 49, 100 
Gr eenl and 41 , 24 3 
Ecuador 36,600 
Korea Rep. 36,4 24 
U.S.S.R. 29,394 
Pal^lstan 27,50 2 
A u s t r a l i a 20,814 
Argentina 19, 289 
Panama 13,491 
Source: FPO Yearbook of F ishery S t a t i s t i c s . 
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L a t i n America coxan t r i e s i n c l u d e d i n t h e l i s t of 
t h e t o p 20 major p r o d u c e r s a r e Mexico, B r a z i l , Ecuador , 
A r g e n t i n a and Panama, 
WORLD PRODUCTION OF CULTURED SHRIMPS; 
R e l i a b l e f i g u r e s s e p a r a t e l y f o r a q u a c u l t u r e p r o d u c -
t i o n a r e n o t a v a i l a b l e . More s h r i m p s a r e s t e a d i l y e n t e r i n g 
t h e wor ld t r a d e c h a n n e l s a s a f u n c t i o n of t h e i n c r e a s e i n 
w o r l d p r o d u c t i o n . ShrirtC) t r a d e t o d a y i s o n e of t h e most 
i n p o r t a n t f o r e i g n exchange e a r n e r s and t h u s one of t h e 
most p r o f i t a b l e e n t e r p r i s e s . 
The w o r l d p r o d u c t i o n of c u l t u r e d s h r i n p s i n 1987 was 
e s t i m a t e d a t 3 , 4 0 , 0 0 0 t o n n e s of which 2 , 0 0 , 0 0 0 t o n n e s were 
f rom A s i a . I t i s e x p e c t e d t o go up t o 4 , 7 0 , 0 0 0 t o n n e s by 
1990 and t h e p r o j e c t i o n i s t h a t i t would a t t a i n o n e m i l l i o n 
t o n n e s p e r y e a r by t h e t iarn of t h e cen t iu ry . C u l t u r e d s h r i n p 
p r o d u c t i o n now f o r m s n e a r l y 20 p e r c e n t of t h e t o t a l wor ld 
p r o d u c t i o n . S e m i - i n t e n s i v e f a r m i n g of p e n a e i d s h r i m p s i s 
making r a p i d s t r i d e s . The b u l k of t h e p r o d u c t d n i s e j e c t e d 
f rom Taiwan (100 ,000 t o n n e s ) , Ecuador (7 5,000 t o n n e s ) , 
I n d o n e s i a (70 ,000 t o n n e s ) , I n d i a (50 ,000 t o n n e s ) , P h i l i p p i n e s 
(40 ,000 t o n n e s ) and T h a i l a n d (25 ,000 t o n n e s ) , 
CURRENT PROBLEMS IN INDIAN. JMAJOR CARP CULTURE; 
Even today c a r p cu l txure i n I n d i a h a s n o t a b s o r b e d 
t h e d e s i r e d s c i e n t i f i c and t e c h n i c a l i n p u t s , so e s s e n t i a l 
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for i t s proper development and growth. At present i t 
conprises a package of empirically developed p rac t i ces 
known by different names, such as, the Chinese system, 
^he Indonesian system, Indian system and so on. Naturally 
i t has t o derive the benef i t from raultidisciplinary 
systems-oriented research. Even though hypophysation has 
been prac t iced and i t s benef i t u t i l i s e d to a cer ta in 
extent, yet the technique has not been perfected to the 
extent i t should. As Jhingran (1986) has r igh t ly observed 
i t i s s t i l l in a h i t and rron level ra ther than a d i sc ip l ine 
based on cause and ef fec t . Similarly pond manuring and 
f e r t i l i s a t i o n s t i l l lack a t ru ly chemical b a s i s . The same 
may be said of the management of ha tcher ies , rear ing 
p r a c t i c e s and stock-pond management. Jhingran (1986) 
has recent ly summarised the current problems of Indian 
major carp cul ture as follows: 
Problems of f i sh biology and genet ics involve 
gathering of data on genetic t r a i t s and c h a r a c t e r i s t i c s 
of cu l t ivab le spec ies of f ish from r ive r 
systems, where they are indigenous, to serve as bench-
mark reference data for conparison with farm derived from 
hybr id i sa t ion and genetic se lec tdn. The bench-mark t r a i t s 
to be recorded are morphometric charac ters , r a c i a l characters 
as revealed by e lec t rophore t ic s tudies , growth ra t e , s ize 
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and age at f i r s t matxarity/ fecundity, reproductive biology, 
d iges t ive physiology, thermal and s a l i n i t y tolerance e t c . 
Under genetic se lec t ion and hybr id isa t ion are to be 
developed domesticated s t ra ins incorporating desirable 
culture-performance t r a i t s such as enhanced disease 
r e s i s t ance , fas t growth r a t e , increased dressed weight, 
superior n u t r i t i v e value, agreeable t a s t e and flavour, 
high qual i ty and tex ture of f lesh, favourable conversion 
r a t i o , greater aes the t i c appeal, which could be conpared 
withcorresponding parameters of iden t ica l reference in 
i t s wild form studied from r ive r ine sources where the f i sh 
in indigeiKjus, 
Through careful experiments, i t i s desirable to 
develop forms su i t ab le for breediig and those sui table for 
the tab le , the former having maximum breeding po ten t ia l 
and the l a t t e r incorporating des i rable q u a l i t i e s of c u l t l -
ireible f i s h . Under l a rva l and pos t - l a rva l rear ing and 
stock pond management are to be developed methods of 
generating soi l and water qual i ty c h a r a c t e r i s t i c s optimum 
for high survival and fas t growth and the cul ture of l i v e 
f i sh food organisms, cu l tu re techniques to serve as nattirai 
food of low conversion r a t i o , aerat ion need of growing 
f i sh , methods of disease control e t c . 
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I t i s a l s o e s s e n t i a l t h a t xinder ha tche ry and f i s h 
farm management s tudy, c o o r d i n a t i o n of v a r i o u s ha tche ry 
and f i s h farm management p r a c t i c e s and de te rmina t ion of 
methods for o b t a i n i n g h i g h e s t p o s s i b l e y i e l d s from 
aquacu l t t t t e systems a r e a s su red a t an economical ly v i a b l e 
l e v e l . This i s because f i s h p roduc t ion , through aquacu l tu r e 
should se rve the community, p r o v i d i n g a h igh p r o t e i n d i e t 
i n an abundant measure t o ward off m a l n u t r i t i o n and hunger 
e s p e c i a l l y in the developing c o u n t r i e s where t h e s e problems 
e x i s t in an a larming degree , 
RE-SEEDING OF THE OVER-EXPLOITED STOCK BY SEA RANCHING; 
Sea ranching h a s become a r e a l i t y t o enhance t h e 
nat^Iral p o p u l a t i o n s in an a rea . The mass s c a l e b reed ing 
of Valuable s p e c i e s has become h i g h l y e s s e n t i a l fo r 
supply ing seed t o aquacult iare and a l s o t o renew the 
n a t u r a l s to^k of o v e r - e x p l o i t e d s p e c i e s in t h e sea, by 
sea r anch ing . This n a t u r a l l y i nvo lves a c t i v e r e sea rch work 
on mass - sca le b r e e d i n g of s eve ra l s p e c i e s . The r e s u l t s of 
s t u d i e s in coxintr ies , such as , Taiwan and Japan have been 
encouraging and they have shown t h a t t h e r e i s a good 
f u t u r e for ranch ing in Asia, Ind ia should take up t h i s 
idea on a l a r g e s c a l e a t l e a s t in t h e semi-enclosed back-
wa te r s and c o a s t a l a r e a s . We should s e t up l a r g e h a t c h e r i e s 
in the c o a s t a l a rea which a re nea re r to the l a r g e sh r inp 
grounds . 
56 
THE ROLE OF MARINE PRODUCTS EXPORT DEVELOPMENT AUTHORITY 
(MPEDA) ; 
To augment e x p o r t p r o d u c t i o n of m a r i n e p r o d u c t s , 
more e s p e c i a l l y s h r i m p ? , t h e MPEDA work in c l o s e c o o p e r a -
t i o n w i t h t h e f i s h e r i e s d e p a r t m e n t s of t h e r e s p e c t i v e 
s t a t e g o v e r n m e n t s . From t h e s e l e c t i o n of s i t e , r i g h t 
t h r o u g h c o n s t r u c t i o n and o p e r a t i o n o f t h e farm, t i l l 
h a r v e s t , f a r m e r s a r e g i v e n t e c h n i c a l g u i d a n c e i n t h e 
f i e l d . N e a r l y 1, 500 f a r m e r s a r e a v a i l i n g t h e a s s i s t a n c e 
of t h e MPEDA. Fxarthermore t h e MPEDA, i n c o n s u l t a t i o n w i t h 
t h e s t a t e f i s h e r i e s d e p a r t m e n t s i s c o n d u c t i n g m i c r o - l e v e l 
s u r v e y s i n t h e d i f f e r e n t s t a t e s . I t h a s a l s o i n t r o d u c e d 
s u b s i d y schemes from 1985-86 f o r t h e deve lopmen t of new 
a r e a s f o r f a r m i n g , t o s e t up seed b a n k s and h a t c h e r i e s . 
B e s i d e s , s u p p l e m e n t a r y f e e d i n g w i t h a r t i f i c i a l f eed i s 
a l s o e n c o u r a g e d . Fa rmer s a r e b e i n g t r a i n e d i n s c i e n t i f i c 
management p r a c t i c e s of sh r imp f a r m i n g . 
THE SOCIO-ECONOMIC IMPLICATIONS OF AQUACULTURE; 
Technology and t h e s t r u c t u r a l c h a n g e s i t b r i n g s 
a b o u t h a v e b e e n t h e major f a c t o r s f o r t h e c l a i m s of 
p r o s p e r i t y i n t h e d e v e l o p e d c o u n t r i e s . P l a n n e r s and 
p o l i c y maker* n a t u r a l l y recommended t h i s a s t h e p o s s i b l e 
s o l u t i o n t o t h e deve lopment f o r a l l e v i a t i o n of p o v e r t y 
e l s e w h e r e . N e v e r t h e l e s s , t h i s approach h a s b e e n c r i t i c i s e d 
f o r i t s m a t e r i a l i s t i c s t a n c e , i t s f a i l u r e t o a p p r e c i a t e 
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the soc io-cul tura l differences andthe often negative 
inpact on technology i t can have on t r a d i t i o n a l communi-
t i e s . There i s now the wil l ingness to measure development 
not j u s t solely in terms of t o t a l output^ worker product ivi ty 
or monitory value^ but also in terms of social f e a s i b i l i t y . 
Smith and Smith (198 5) have recent ly examined the various 
impl icat ions . 
Fish supplies are l eve l l i ng off in many countr ies 
as already indicated, as a r e s u l t of natural l imi t s to 
f i s h e r i e s production. Therefore, aquaculture i s being 
viewed as the primary means of achieving the incremental 
growth in aquatic food supply necessary t o keep up with 
the continued increase in population and the r i s e in 
demand. In response to favourable economic condit ions 
created for producers in many countr ies , aquaculture 
production i s rapidly increasing. This i s po ten t i a l ly a 
gra t i fy ing develoment for both consumers and for export-
or iented gtovcps s ince 60 percent of the people ' s animal 
prote in requirements are derived from f i sh . 
A major par t of these developments emanates from 
fresh-water culturesystem more especia l ly for 
carps Coastal aquaculture systems are also experiencing 
rapid expansion and increases in production. Inportant 
brackish-water species include among o thers milk f i sh . 
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mullets , shrinps and b iva lves . Of these, shrlnps are by 
far the most inportant economically* This i s on account 
of the fac t tha t shrinps are the source of foreign 
exchange e^rr-P"^ ^7 exporting them to aff luent count r ies 
such as Japan, North America and Europe. The social 
f e a s i b i l i t y of extensive coastal aquaculture in the 
t r o p i c s , has not been examined c r i t i c a l l y . 
What are the poss ib le repercussions of extensive 
development of aquacultures in tiie coasta l b e l t , which 
i t s e l f i s a very f r a g i l e ecosystem with i t s irrpact on 
coasta l resources, are tiie economic, soc io-cu l tu ra l , 
legal / p o l i t i c a l and i n s t i t u t i o n a l dimensions of t h i s 
development? 
The massive conversion of mangrove swamps to pond 
aquaculture can cause grave d is loca t ion to t r ad i t i ona l 
coastal communities. Mangroves are inportant breedingand 
nursery grounds for many aquatic species t ha t are caught 
in the near shore areas by capture f i s h e r i e s . The poten t ia l 
losses to f i s h e r i e s in t h i s process are underestimated or 
not assessed at a l l in cost bene f i t s s tud ies of coastal 
pond aquaculture. Others who depend on the mangroves are 
also ignored in these ca lcu la t ions . The i n t e r e s t of the 
community might be bypassed or even overrun by new 
5.4 
aquaculture developments tha t do not respect t r a d i t i o n a l 
uses and claims of Hie cornmtanity. Large sca le aquaculture 
enterpi^ises frequently displace small-scale fisherrren 
and aquacult^i^ists through sr±)sidised financing and 
i n s t i t u t i o n a l arrangements t ha t favour tiie l a rge scale 
or corporate inves tor . Thus, pa r t i c i pa t i on of the local 
groups and communities must be assured in the dvelopment 
of appropriate technologies in these coastal zones. 
For the poor coastal communities capi ta l intensive 
systems such as brackish-water pond cu l tu re of shrimps 
or shrinps ha tcher ies wil l not be appropria te . The ideal 
avocations for them are small sca le a c t i v i t i e s , such as : 
(1) stake or r a f t cu l tu re of molluses, (2) bottom cu l tu re 
of oys te r s or cockles, (3) cu l ture of sea weeds, (4) cage 
cu l tu re of marine species, (5) in tegrated systems such 
as animal-fish cu l tu re in small ponds, and (6) managed 
ranching system such as a r t i f i c i a l reefs , pens, or other 
enclosures . All these have advantages of being amenable 
t o smal l -scale P^tt time operat ion. They can be^in at such 
a level tha t the other primary occupation of the ind iv i -
dual or family such as f ishing can continue to provide a 
steady cash flow to the household while the aquaculture 
harvest i s awaited. Labour requirements are low and could 
be f i l l e d by household labour. 
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Communities must p a r t i c i p a t e in, and contr ibute 
to technology adaption if aquaculture development in a 
p a r t i c u l a r community i s to succeed. Partnerships between 
individual f i sh farmers or communities, researchers and 
non-governmental rxiral development organisat ions will be 
necessary t o assure that technology developed by researchers 
wil l be appropriate for community adoption and modificat-
ion. The r o l e of rura l development organisat ions i s 
important because they are l i k e l y to have the exper t ise 
in judging the social f e a s i b i l i t y that technicians in 
research o^^ganisations and good extension services lack. 
Such groups can also a s s i s t in t r a in ing researchers and 
extension o f f i ce r s to bui ld up the nuntoer of professional 
ru ra l developers who have an understanding of the 
technica l , f inancia l and managerial aspects of aquaculture, 
A svccessful coexistence of l a rge - sca l e and small-
scale community a c t i v i t i e s i s poss ib le with careful 
planning. Many species and system choices ex i s t in 
aquacult^H:e. These f a c i l i t i e s more spec ia l i sa t ion pos s i -
b i l i t i e s with weathier farmers concentrat ing on higher 
value (and higher risk) systems such as shrirrp while other 
l e s s well-off producers concentrate ini t ial lyi :pon l e s s 
complex systems such as bivalve cu l tu re for domestic markets. 
Thus market competition between systems can also able to 
reduced t o a ce r t a in extent . 
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Coit5)etition for and demarcation of space within 
the mangrove and backwater areas are much more d i f f i c u l t 
to resolve but i t can be done. Legis la t ion to address 
resource ailoc<'tion and use does not e x i s t . National 
systems of l e g i s l a t i o n have generally f a i l ed to date to 
meet bas ic conservation guidelines and avoid over-
exp lo i t a t ion . Therefore, a more decentra l ised approach 
to coas ta l zone management i s ca l led for . Such an 
approach i s most dssent ia l to resolve issues of conpeti-
t ion at the local l e v e l . Po ten t ia l ly i t will generate 
income for coastal communities. 
In any endeavour for the rapid expansion of la rge 
sca le , capi ta l intensive, export-orifented coastal aqua-
cu l tu re , we must also have a concern for the long-term 
e f fec t s tha t such development wi l l have on the coastal 
zone in the t rop ic s . The inhabi tan ts of these areas are 
poor fishermen who earn a meagre l ivel ihood in a very 
hard way as ga therers . Otherwise, the damage will be 
g rea t . I t i s imperative that some conpromise be found 
between nat ional ob jec t ives of increased aquaculture 
production and foreign exchange on the one hand, and 
coas ta l community requirements for increased enployment 
and income on the o ther . 
Par t ic ipa tory development on the pa r t of coastal 
communities requires conscious e f for t s to evolve them in 
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t h e p r o c e s s of a q u a c u l t u r e development. P a r t i c i p a t o r y 
wi l l no t do without e f f o r t s t o d e c e n t r a l i s e 
c o n t r o l and dec i s ion making over the c o a s t a l zone i t s e l f 
and the t e c h n o l o g i e s t h a t a re a p p r o p r i a t e t h e r e . Nor wi l l 
i t Come about without e f f o r t s of i n t e r e s t e d r e s e a r c h e r s , 
ex t ens ion workers, r u r a l banke r s and non-governmental 
r u r a l developmental o r g a n i s a t i o n s t o make c e r t a i n t h a t 
communities a r e d i r e c t l y involved and supported over the 
]^ong-terra. Involvement of t h e s e c o o p e r a t i v e and s\:ipportive 
groups i s a l s o necessa ry to he lp i n d i v i d u a l and f a m i l i e s 
a d j u s t to t h e changes and new r o l e s t h a t aquacu l tu re 
a c t i v i t i e s b r i n g . 
AQUACULTUR^ a^  ENGINEERING; 
Very s p e c i f i c t e c h n o l o g i e s a re e s s e n t i a l for t r a n s -
l a t i n g s c i e n t i f i c knowledge in to p r a c t i c a l and economically 
f e a s i b l e systems which could produce a q u a c u l t u r a l p r o d u c t s . 
Aquacul turai eng inee r ing concerned with the a p p l i c a t i o n of 
eng inee r ing p r i n c i p l e s and p rocedures to f i s h e r i e s and to 
t h e c u l t u r e of a q u a c u l t i c organisms has not r ece ived any 
s e r i o u s a t t e n t i o n i n our coun t ry . R e l a t i v e l y l i m i t e d 
amount of r e s e a r c h has been d i r e c t e d towards us ing a v a i l a b l e 
knowledge to developp p i l o t or commercial s c a l e o p e r a t i n g 
a q u a c u l t u r a l systems. I h i s i s the p l a c e of t h e engineer and 
t h e economist, t h e t r a n s l a t i o n of the s c i e n t i f i c knowledge 
i n t o p r a c t i c a l and economical ly f e a s i b l e systems t o produce 
c u l t u r e d aqua t i c c r o p s . 
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AQUACULTURE RESEARCH AND DEVELOPMENT IN INDIA 
Traditional carp culture in village ponds and tanks, 
stocked with hatchlings procured from rivers, has been in vogue 
for centuries. Similarly, the practice of fattering juveniles 
of prawns, mullets of other estuarine fishes, entrapped in 
brackish-water impoundments or in paddy fields along with 
tide water is continuing in the coastal districts of Bengal 
and Kerala for ages. However, the early research ih India 
on breeding and culture technologies for the most widely 
prevalent species of carps were initiated with the estab-
lishment of the Central Inland Fisheries Research Institute 
(CIFRI) in 1947. While the CIFRI also initiated development 
of culture practices for other fresh-water fishes and 
estuarine prawns and fishes, the Central Marine Fisheries 
Research Institute (CMFRI) took up studies on the culture 
aspects of marine prawns, molluscs and fishes, mainly in 
the early seventies. 
The research and development may be broadly charact-
erised in two phases. The first phase of research concentrated 
on developing technologies for increasing fish and fish seed 
production, followed by the second phase of infrastructural 
and developmental support to take advantage of technology 
developed. 
6^ 
Major advances were made in the seventies with all 
India trials and area specific technology modification and 
development. However, in order to further upgrade the 
technology of fresh-water aquaculture, the Indian Council 
of Agricultural Research established in 1980 the Freshwater 
Aquaculture Research and Training Centre with modern 
research laboratories for upgrading technical competence 
and initiating in-depth studies for optimising productivity 
by a better understanding of the nutrient dynamics in 
tropical pond environment, nutrition and diseases of 
cultivated species and genetic improvement for producing 
strains of carps with better cultural traits. This was 
another turning point in fresh-water aquaculture research 
in India, which gave a disciplinal research thrust in this 
area and the centre was upgraded into the Central Institute 
of Freshwater Aquaculture (CIFA) in 1985. 
Similarly, the work on brackish-water farming by the 
CIFRI and the CMFRI led to the development of seed and 
culture technologies of marine species of fish including 
shrimps and molluses. A new institute, the Central 
Institute of Brackish-water Aquaculture (CIBA) was also 
established during 1985, 
Concurrently, the major thrust during this phase by 
the government of India was on the provision of more credit 
and transfer of technology for improving production of 
fish seed and fish. 
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CARP CULTURE RESEARCH AND DEVELOPMENT; 
Early work during the fifties and the early sixties 
at the Pond Culture Station of the CIFRI at Cuttack concen-
trated research led to fertiliser/manure application 
schedules based on the nutrient and physiochemical status 
of pond soils and water. Treatments for controlling aquatic 
insects in nurseries and removal of unwanted weeds were 
developed. These led to development of nursery technology 
by the sixties with 80 percent survival. 
Induced breeding (IB) of Indian major carps, catla 
(Catla catla) rohu (Labeo rohita) and mrigal (Cirrhin 
mrigala) by pituitary hormone administration was achieved 
in the late fifties, and by the early sixties, induced 
breeding technology was well developed for all CQrps 
including the exotic silver carp and grass carp. 
The next major achievement of composite fish culture 
technology - a high yielding carp polyculture system based 
on the six ecologically compatible carps which include the 
three Indian major carps and three exotic carps; silver, 
grass and common carps. Different attendant pond prepara-
tory practices such as for removal of unwanted weeds and 
fishes, fertilising and manuring as well as supplementary 
feeding schedule were parts of the package of practices. 
The carp breeding and culture technology developanent 
in a research farm of CIFRI in Orissa in the sixties led 
6t) 
to the establishment P^ the All India Coordinated Research 
Project (AICRP) on Composite Fish Culture and Fish Seed 
Production (CFC and FSP) in 1971. Another AICRP on carp 
spawn prospecting and collection techniques, started in 
1971, as a sequel to national level surveys conducted by 
the CIFRI in the sixties to locate natural carp seed 
procurement grounds and augment carp seed supply in the 
country, was merged into the AICRP on CFC and Fish Seed 
Production, 
Initiating adaptive research, the AICRP on CFC and 
FSP developed and demonstrated area specific CFC technology 
with production of 3 to 10 tonnes per hectare in nine to 
twelve months as well as breeding of farm reared carps at 
all the centres in the states of West Bengal, Orissa, 
Uttar Pradesh, Madhya Pradesh, Bihar, Haryana, Gujarat, 
Maharashtra, Andhra Pradesh and Tamil Nadu, Under the rural 
aquaculture project sponsored by the farmers' pond was 
further demonstrated. 
The Coordinated Research Project also took up research 
on the breeding biology of carps and established the role 
of gonadal hydration. The project demonstrated successful 
breeding of silver and grass carps in establishment of a 
large niimber of bundhs, which basically simulate the riparian 
environment with heavy fresh-water discharge in West Bengal, 
where fish could be bred easily. 
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Meanwhile the CIFRI developed a g la s s j a r hatchery 
for carps in the early seventies^ which was followed by a 
ntontoer of va r i an t s of water c i fcu ia t ing ha tcher ies of 
d i f ferent designs and capac i t i e s . The Central I n s t i t u t e of 
F i sher ies Education supplmented the e f fo r t s and brought 
out new and more ef fec t ive hatchery s y s t e ^ . The s tudies 
at the Pond Culture Stat ion succeeded in inducing the 
major carps to breed twice within the same season, based 
on b e t t e r brood stocT< management. This led to multiple 
spawning and prolongation of breeding season from two to 
seven months and gave a boost to seed production. 
Backed up by demonstration t r a in ing of f i sh farmers 
and extension si:5>port by f i s h e r i e s i n s t i t u t e s , a v i s i b l e 
iirpact of technology development s t a r t ed showing i t s r e s u l t s 
in the e i g h t i e s . 
Establishment of modern commercial carp ha tcher ies 
in f ive s t a t e s of India through a V^rld Bank aided project 
and in other s t a t e s through the nat ional ha tcher ies 
pro jec t helped in irtproving seed production of carps, 
A major nat ional programme of Fish Farmers Develop-
ment Agencies at the d i s t r i c t level was i n i t i a t e d in 1973 
to provide adminis t ra t ive and i n f r a s t r u c t u r e ! support, 
t r a i n i n g of bene f i c i a r i e s , mobil isation of inputs and 
extension support to f ish farmers and arranging i n s t i t u t i o n a l 
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f i n a n c e through ban>: c r e d i t s . Thus, whi le t h e FFDAs 
c o n c e n t r a t e d on u t i l i s i n g more of the fa l low and u n u t i l i -
sed ponds r e s o u r c e s needing major development support , the 
t r a d i t i o n a l f i s h farmers of fxonctional carp c u l t u r e ponds 
upgraded t h e technology and improved t h e p r o d u c t i v i t y of 
bo th seed and f i s h . 
The count ry wi tnessed an i n c r e a s e in t h e FFDAs from 
50 in 1979-80, which covered 1,047 h e c t a r e s t o 200 in 
1987-88 cover ing 1,8 5,000 h e c t a r e s . The average p r o d u c t i v i t y 
a l s o went up from 58 2 kg per h e c t a r e s per year in 1979-80 
t o 1, 566 kg per h e c t a r e per year in 1988 in the FFDA ponds. 
The fry and f i n g e r l i n g s p roduc t ion went up from 1,048 
m i l l i o n in 1979-80 t o 9,300 m i l l i o n in 1988. The in l and 
f i s h p roduc t ion went \jp from 0.89 m i l l i o n tonnes i n 1980-81 
t o 1.38 m i l l i o n tonnes in 1987-88, most of i t coming from 
f r e s h - w a t e r aquacu l tu re as r i v e r i n e f i s h e r i e s dec l ined due 
t o gene ra l deg rada t ion and water management, while r e s e r v o i r 
f i s h e r i e s development was a t a very low p a c e . 
The inpact of t r a i n i n g imparted by t h e CIFE backed 
up by ex tens ion support l e d t o the e s t ab l i shmen t of a l a r g e 
nuiTber of f r e sh -wa te r farms in c o a s t a l Andhra Pradesh. A 
recen t e s t i m a t e p u t s t h e annual p roduc t ion from the a rea 
a s 60,000 tonnes annua l ly . 
RECENT ADVANCE IN CARP FARMING; 
Most of t h e ponds used for carp c u l t u r e a re non-
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dra inable . The accumulate l a rge deposi ts of s i l t t h a t 
c rea te unfavourable condit ions for f ish cu l tu re . Recently 
i t was found that the number of bacter ioplankton was the 
highest in the ponds associated with the l a rges t human 
and anlnial l ivestock populat ion. The bacterioplankton was 
also very s igni f icant in those ponds where Microysis bloom 
was observed. I t appears tha t the only mechanism which 
br ings up the sedimeht nu t r ien t during the early develop-
ment s tage as well as during the i r d ie t ve r t i c a l movement 
is the Microcystis bloom in ponds with apparently nut r ien t 
de f ic ien t water column, but with thick, nu t r ien t r ich, 
and anaerobic sediment. The nu t r i en t s released by the 
decay of the Microcysis bloom into the water column at 
times become avai lable for other algal species . Further, 
work i s being continued to evolve su i t ab le methods of 
recycl ing the nu t r i en t s from the pond bottom mud to make 
the ponds more productive. 
Due to non-avail ab i l i t y , a l l over India, of the f ish 
toxicant Mahua (Bassia l a t i f o l i a ) o i l cake, which i s 
commonly used now for the eradicat ion of unwanted f i shes , 
a l t e r n a t i v e s were t e s t e d . Promising r e s u l t s have been 
achieved with calcium hypochlori te (CaOCi) e i ther alone 
or in combination with urea. 
Supplemental feeding i s done in most nursery ponds 
and in some rear ing and stocking ponds. The conmonly used 
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feeds are r i c e bran and o i l cake. VJhile a few feed 
formulation for carp broodstock and seed have been made 
and experiments are underway, preliminary experiments 
with leaf pro te ins and other unconventional feeds have 
been undertaken, A c r i t i c a l survey of the a v a i l a b i l i t y 
of po ten t i a l feed ingredients , t h e i r nu t r i en t values and 
cos t s , has also been s t a r t e d . 
Research on f i sh diseases has been systematically 
taken up at the CIFA. Many bac te r i a have been ident i f ied, 
i so la t ed and are being studied. A vi rus associated with 
the epidemical u l ce ra t ive f i sh disease has been i so la ted 
and i s being further invest igated at the CIFA. Furthermore, 
a co l labora t ive research progtarame under the FAO/UNDP 
Project on Network of Aquaculture Centre in Asia (NACA) 
has been i n i t i a t e d at the Central Inland Capture Fisher ies 
Research I n s t i t u t e (CICFRI). 
The technique for the control of aquaculture weeds 
developed e a r l i e r by the CIFRI by the applicat ion of 
l i q u i d ammonia to convert them into manures, was widely 
t e s t e d . Resent research to assess the nut r ien t values of 
these weeds and to incorporate them as sources of energy 
and prote in in f ish feeds has shown very encouraging 
r e s u l t s . 
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Concerted research on nursery p r ac t i ce s has resul ted 
in increasing survival of fry to as much as 80 percent at 
stodging r a t e s up to 10 mill ion hec ta res . Addition of 
cobalt chlor ide (at 0,01 rag/fish/day) i s reported to 
r e s u l t in high survival r a t e s . 
Further inprovement in the survival r a t e has been 
obtained by t r e a t i n g the pond with soft organophosphate 
before the hatchings are stocked in the nursery pond. 
Recently, at the Central I n s t i t u t e of F isher ies Education 
3 (CIFE), r a i s ing of 3000-5000 spawn/m with 90 percent 
survival vjas achieved with adequate aerat ion and provision 
of formulated feeds. 
Cage cu l ture of carps has been ej^erimented with 
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p r o m i s i n g r e s u l t s . A c a g e of 1 0 . 5 m p r o d u c e d 140 kg of 
f i s h (common ca rp ) i n s i x months w i t h a s t o c k i n g r a t e 
o f 400 p e r c a g e . The f e e d was a m i x t u r e o f s i lkworm pupae 
powder , r i c e b r a n and g r o u n d n u t o i l c a k e , w i th vAieat 
f l o u r a s a b i n d i n g m a t e r i a l , 
RESEARCH ACHIEVEMENTS IN OTHER FRESH-VJATER FISH AND 
PRAWN FARMING; 
AIR BREATHING FISH CULTURE; The Coun t ry h a s e x t e n s i v e 
weed-choked wa te r a r e a s w i t h low d i s s o l v e d oxygen s u i t a b l e 
f o r t h e c u l t i v a t i o n of a i r b r e a t h i n g f i s h e s l i k e C i a r i a s 
b a t r a c h u s , H e t e r o p n e u s t e s f o s s i l i s , Anabas t e s t u d i n e u s . 
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Channa maruljus^ _C. s t r l a t u s and C. punctatus which have 
many cu l tu ra l t r a i t s . The All India Coordinated Research 
Project on Air Breathing Fish Culture (AICRP on ABP) 
i n i t i a t e d in 1971 took up deta i led inves t iga t ions on the 
development of cu l t u r a lp r ac t i ce s for optimum production 
of such f i sh under d i f ferent management systems in the 
s t a t e s of Karnataka, Andhra Pradesh, Assam, West Bengal 
and Bihar, A production of over a tonne per hectare per 
eight months was achieved in mixed cu l tu re of Ciar ias , 
Heteropneustes and Anabas withoxxt using any supplementary 
feed or f e r t i l i s e r . With supplementary feed of dried 
marine t rash f ish and r i c e bran, Ciar ias gave a production 
of over 5 tonnes per hectare per f ive months while 
Heteropneustes yielded over 7 tonnes per hectare per s ix 
months with feed made of r i c e polis | i , t r a sh f i sh and 
cow dung. 
Production r a t e as high as 50 tonnes per hectare 
per th ree months for Cia r ias and 20 tonnes per hectare 
per three months for Heteropneustes could be achieved 
with high density of stocking, in tens ive feeding and 
Water replenishment. However, the development impact was 
low owing to cons t ra in t s of seed a v a i l a b i l i t y and feeds. 
HILSA ILISHA; The anadromous h i l sa i s one of the most 
l iked high value species which has ser iously declined 
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i n t h e p r i n c i p a l d r a i n a g e s due t o c o n s t r u c t i o n of w e i r s 
and b a r r a g e s on r i v e r s i n t h e l ower s t r e t c h e s . B r e e d i n g 
of p r o c u r e d m a t u r e s p e c i m e n s t h r o u g h s t r i p p i n g was 
s u c c e s s f u l l y a c h i e v e d by t h e CIFRI i n 1968 and s i n c e t h e n 
i t h a s b e e n r e p e a t e d s e v e r a l t i m e s . N u r s e r y r e a r i n g 
e x p e r i m e n t s i n p r e p a r e d f r e s h - w a t e r p o n d s h a v e b e e n 
s u c c e s s f u l . A r t i f i c i a l l y b r e d h i l s a s t o c k e d in t h e Uka i 
r e s e r v o i r on R i v e r T a p t i in G u j a r a t h a v e grown we l l and 
r e p o r t e d i n ca t (£hes . In c u l t u r e e x p e r i m e n t s t h e f i s h 
r e a c h e d a s i z e of 325 t o 360 nro i n two y e a r s , 
FRESH-WATER PRAVJN; Al though o v e r 30 s p e c i e s of p a l a e m o n i d 
p rawns o c c u r s i n I n d i a , r e s e a r c h e f f o r t s were l a r g e l y 
d i r e c t e d on b r e e d i n g , h a t c h e r y deve lopment and c u l t u r e 
o f t h e g i a n t f r e s h - w a t e r prawn Macrobrachium r o s e n b e r g i i 
b e c a u s e of i t s c u l t u r a l t r a i t s . U n l i k e o t h e r c o u n t r i e s , 
t h e c h i e f l a r v a l f e e d i s minced t u b i f i c i d worms and i s 
s u p p l e n e n t e d by r o t i f e r s b and b r i n e sh r imp n a r j p l i i . 
AQUACULTURE BASED FISHERIES IN RESERVOIRS; An AICRP on 
Eco logy and F i s h e r i e s of R e s e r v o i r s (EFR) was i n i t i a t e d 
in 1971 a t t h e CIFRI . The AICRP on EFR d e v e l o p e d t h e 
s c i e n t i f i c b a s i s of e x t e n s i v e a q u a c u l t u r e i n f r e s h - w a t e r 
r e s e r v o i r s by i d e n t i f y i n g p r o d u c t i v e e c o l o g i c a l p o t e n t i a l s 
and by f o r m u l a t i n g s t o c k i n g , h a r v e s t i n g and management 
p o l i c i e s . However, p r o p e r s t o c k i n g c o u l d r a r e l y t a k e p l a c e 
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and f i s h i n g p o l i c y r a r e l y implemen ted . Thus, t h e 
a n t i c i p a t e d impact of r e s e a r c h on p r o d u c t i v i t y improve -
ment was n o t v i s i b l e . Bu t sma l l r e s e r v o i r s , s t o c k e d and 
managed by t h e CIFRI, showed r i s e in p r o d u c t i v i t y from 
about 15 kg p e r h e c t a r e p e r y e a r t o o v e r 100 kg p e r h e c t a r e 
p e r y e a r . 
FROG CULTURE; The CIFRI h a s made a S i g n i f i c a n t advance i n 
t h e h a t c h e r y t e c h n o l o g y f o r t h e p r o d u c t i o n of t a d p o l e s and 
e a r l y f r o g s of Rana t i g r i n a , R, c r a s s a and R. h e x a d a c t y i a . 
However, c u l t x i r e t e c h n o l o g i e s a r e y e t t o b e s t a n d a r d i s e d . 
C o n s i d e r i n g t h e l a r g e e x p a n s e s of w e t l a n d s i n I n d i a , which 
a r e r e p o r t e d t o h a v e b e e n h e a v i l y e x p l o i t e d f o r f r o g s , 
t r e m e n d o u s o p p o t t u n i t i e s e x i s t f o r open s t o c k i n g and 
r a n c h i n g of f r o g s . P i l o t s t u d i e s i n t h i s r e g a r d t o a s s e s s 
s u r v i v a l of a r t i f i c i a l l y b r e d s t o c k s and r a n c h i n g r a t e s 
a r e n e c e s s a r y t o i n d i c a t e commerc ia l f e a s i b i l i t i e s . 
RESEARCH ACHIEVEMENTS AND DEVELOPMENT IN BRACKISH-WATER 
AQUACULTURE: 
E x p e r i m e n t s a t C I F R I ' s fa rm a t Kakdwip i n t h e 
s i x t i e s showed t h e p r o d u c t i o n of o n e t o n n e P. mpnodon p e r 
h e c t a r e p e r y e a r i n two c r o p s and 2 t o n n e s p e r h e c t a r e 
p e r y e a r f o r m u l l e t s i n manured b r a c k i s h - w a t e r ponds , 
w i t h s e e d p r o c u r e d from t h e Hooghly e s t u a r y , v*ii le t h e 
s e a b a s s , L a t e s c a l c a r i f e r showed a p r o d u c t i o n of 4 t o n n e s 
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per hectare per year in feeder canals, fed wi-tii es tuar ine 
catch of small shrinps and t r a sh f i shes . In the l a t e 
s i x t i e s , India concentrated on the development of package 
of p rac t i ce s for cu l ture in d i f ferent coastal areas in 
the country by procuring wild seed from nature through 
the All India Coordinated Research Project on Brackish-
water Fish Culture s t a r t ed a t the CIFRI in 1973. Productions 
of 300 to 500 kg per hectare per crop of prawns, P.monodon 
and P. indicus, pr imari ly on na tura lproduct iv i ty of ponds 
enriched with manures and f e r t i l i s e r s , were achieved in 
Orissa, Andhra Pradesh, Tamil Nadu, Kerala and Goa. 
Polyculture of mullets and prawn, chanos and prawn, pearl 
spot and prawn gave 2 to 2,5 tonnes per hectare per year 
with about 300 to 500 kg of prawn (two crops) and tw© 
tonnes of f ish in one crop. While prawn was restocked, 
the f ish reared throughout the cu l tu re period. 
The major thrus t in the e igh t i e s was on developing 
hattfhery system and feeds for the la rva l stages of penaeid 
prawns. Successful ha tcher ies and feeds mostly formulated 
with local ingredients , and sometimes with Artemia, were 
developed by several o rganisa t ions . However, dependence 
on mature specimens from the sea remains a constant. 
The apprehensions of over-exploi ta t ion of sea prawns, 
as coastal f i she r i e s reached t h e i r near ecological optima 
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coupled with bouyant in ternat ional market for prawns, 
led to a major th rus t for quick development of brackish-
water shriirp cu l tu re by the research and development 
organisat ions of both the government and the ICAR, besides 
the p r iva t e industry. The MPEDA (Marine Products Export 
Development Authority) enlarged i t s a c t i v i t i e s and set up 
a prawn hatchery with imported technology in Kerala. I t 
went ahead with the establishment of two more ha tcher ies 
which have now come up a t Gopalpur-on-sea in Orissa and 
Visakhapatnam in Andhra Pradesh, The back-up of engineering 
support was provided by the government of India by reorga-
nis ing one of i t s un i t s into a Central I n s t i t u t e of Coastal 
Engineering and Fisher ies , which took up a UNDP aided 
pro jec t for se t t ing up f ive prawn ha tcher ies and developing 
farm designs for brackish-water aquaculture. The R&D support 
from industry resul ted in Hindustan Lever Ltd . , developing 
a conunerciai hatchery at Madras and demonstrating 4 ,5 
tonnes per hectare per year of P. mo no don production from 
a punp-fed cu l ture system u t i l i s i n g the i r own as well as 
imported feeds. 
The se t t ing up of Brackish-water Fish Farmers 
Development Agencies (BFDA) in Orissa promoted creat ion 
of low cost ponds in sa l ine areas around Chilka lake where 
rura l fishermen could produce 300 to 500 kg of prawnunder 
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low cos t technology. Over 2000 h e c t a r e s of such ponds 
have come up in O r i s s a . With the Bay of Bengal P r o j e c t a l s o 
prorrot ing prawn c u l t u r e , l a r g e a r e a s for s i m i l a r technology 
were developed in Tamil Nadu. Backed up by t h e t r a i n i n g 
and ex tens ion support from t h e CIFE, a nurtt)er of shrimp 
farms a re coming up in c o a s t a l Andhra Pradesh, 
In o rde r t o p rov ide a proper s c i e n t i f i c back-s topp ing , 
t h e f a c i l i t i e s at t h e CIFRI and t h e CMFRI were o rgan i sed by 
t h e ICAR in to a new i n s t i t u t e , t h e Cen t ra l I n s t i t u t e of 
Brack i sh-wate r Aquacul ture (CIBA) in 1985. This i n s t i t u t e 
i s p r e s e n t l y engaged in developing i n f r a s t r u c t u r e and 
r e s e a r c h f a c i l i t i e s and con t inu ing work on b reed ing and 
ha t che ry technology for f i n f i s h e s , b e s i d e s upgrading t h e 
e x i s t i n g shrimp h a t c h e r i e s and c u l t u r e t e c h n o l o g i e s , 
RESEARCH ACHIEVEMENTS IN MARICULTURE; 
The work done a t t h e CMFRI for developing t e c h n o l o -
g i e s for the c u l t u r e of o y s t e r s , mussels and sea weeds in 
open sea r a f t s , enc losu re s and p l a t f o r m s showed very 
encouraging r e s u l t s . Product ion in t h e o rder of 70 pe rcen t 
p e a r l i n g r a t e was demonstrated for t h e p e a r l o y s t e r , 
P lnc tada f u c a t a . Green and brown mussels , Perna v i r i d i s 
and P. ind icus have been c u l t u r e d with p roduc t ion c o r r e s -
ponding to 23 5 t onnes per h e c t a r e per f i v e t o seven months 
on r a f t . Sea weeds, G f l i ^ i B c ^ ^ ^ n d G e l i d i e l i a have been 
s u c c e s s f u l l y cult/^f^^ on p l a t f o r i s i ^ ^ i t h a very high 
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p r o d u c t i o n p o t e n t i a l . Edib le o y s t e r s of t h e genus Cra sa^s -
t r e a have a l so shown p roduc t ion of 150 t o n n e s per h e c t a r e 
per seven n i n t h s on r a f t s . Cu l tu r e of Anguilia b i c o l o r 
showed produc t ion of 3.8 kg per metre square in two y e a r s . 
The major t h r u s t in t h e e i g h t i e s by t h e CMFRI vjas on 
developing ha tche ry and seed technology for mussels , calms, 
e d i b l e o y s t e r s e t c . Major success h a s been achieved in t h e 
b r eed ing and r e a r i n g of the clams, Mere t r ix m e r e t r i x 
and Anadora granosa . Mass seed p roduc t ion t echn iques for 
Perna v i r i d i s , e d i b l e o y s t e r s of t h e genus Cra s sos t r ea 
and p e a r l o y s t e r were a l s o inproved. Breeding of t h e 
h o l o t h u r i a n , Ho lo thu r i a scabra was achieved and r e a r i n g 
of e a r l y s t a g e s was s u c c e s s f u l l y done by t h e CMFRI. 
However, p i l o t and commercial s c a l e p roduc t ion need t o 
be e x t e n s i v e l y demonstra ted to t h e e n t r e p r e n e u r s and 
f a rmer s . 
AQUACULTURE ENGINEERIH3; 
Development of t e c h n i c a l l y and economically f e a s i b l e 
methods of d ra inage need c o n t r o l of seepage, s i l t removal 
and s e l e c t i v e h a r v e s t i n g . C o s t - e f f e c t i v e design and 
c o n s t r u c t i o n g u i d e l i n e s for new systems a r e needed for 
more e f f i c i e n t management and inc reased p r o d u c t i v i t y . 
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f a r m i n g n e e d s s i t e s p e c i f i c t r e a t m e n t and d e v e l o p m e n t . 
S i t e s e l e c t i o n c r i t e r i a , d e s i g n and c o n s t r u c t i o n g u i d e -
l i n e s a r e needed fo r c a g e and pen c u l t u r e as we l l a s f o r 
s e a f a r m i n g . 
i ) Development of e n g i n e e r i n g g u i d e l i n e s f o r t h e 
r e h a b i l i t a t i o n of e x i s t i n g t i n d c a i n a b l e p o n d s w i t h f r e s h -
w a t e r and p o n d s on a c i d s u l p h a t e s o i l , 
i i ) Development of e n g i n e e r i n g g u i d e l i n e s t o d e s i g n and 
C o n s t r u c t new f r e s h - w a t e r pond s y s t e m s f o r more i n t e n s i v e 
p r o d u c t i o n , 
£1^) Development of s i t e s e l e c t i o n c r i t e r i a and e n g i n e e r -
i n g g u i d e l i n e s t o d e s i g n and c o n s t r u c t new b r a c k i s h - w a t e r 
p o n d s s y s t e m s f o r more i n t e n s i v e p r o d u c t i o n . 
iv ) Development of s i t e s e l e c t i o n c r i t e r i a and e n g i n e e r -
i n g g u i d e l i n e s f o r t h e c o n s t r u c t i o n o f c a g e , pen and receway 
c u l t u r e f a c i l i t i e s i n d i f f e r e n t e c o s y s t e m . 
v) Development of s t a n d a r d i s e d model d e s i g n s f o r f i n 
f i s h and s h e l l f i s h h e c t a r e s of v a r i o u s c a p a c i t i e s . 
NUTRITION AND FEED FORMULATION: 
R e s e a r c h i s needed t o s t u d y t h e n u t r i t i o n a l v a l u e of 
n a t u r a l f e e d s i n n u r s e r y and grow o u t s y s t e m s . N u t r i t i o n a l 
r e q u i r e m e n t w i l l need t o b e a s s e s s e d f o r v a r i o u s l i f e s t a g e s 
8S 
of different cu l t iva ted commodities for proper feed 
formulation. Research i s necessary for the assessment 
of the nu t r i t i ona l value of loca l ly avai lable ingredients 
for the formulation of cos t -e f fec t ive supplementary and 
balanced feeds for d i f ferent l i f e stages of cu l t iva ted 
spec ies . Standard methods need to be developed for 
n u t r i t i o n a l assays. The major areas of research are: 
a) Standardisation of nu t r i t i ona l research methodology 
and methods of assays. 
b) Nutr i t ional requirement of di f ferent l i f e h i s to ry 
s tages of d i f ferent commodity species and also of 
nu t r i t i ona l value of natioral feeds. 
c) Assessment of n u t r i t i o n a l v a l u e of l o c a l l y a v a i l a b l e 
b y - p r o d u c t s from a g r o - i n d u s t r i e s f o r f o r m u l a t i n g 
b a l a n c e d and c o s t - e f f e c t i v e f e e d s , 
SOCIO-ECONOMICS AND PRODUCTION ECONOMICSt 
Not much r e s e a r c h on t h e s o c i o - e c o n o m i c s of a q u a -
c u l t u r e sy s t ems h a s b e e n d o n e . I n v e s t i g a t i o n i n t h e s e 
a r e a s p r o v i d e g u i d e l i n e s f o r d e c i s i o n making among f a r m e r s , 
and a l s o f o r f o r m u l a t i n g a q u a c u l t u r e p o l i c i e s . Major r e s e a r c h 
a r e a s a r e : 
a) Assessment o f s o c i o - e c o n o m i c i r r p a c t s o f a q u a c u l t u r e 
on food p r o d u c t i o n , er tployment , income and f o r e i g n 
exchange e a r n i n g s . 
8f) 
b) Evaluation of economics of operat ion in different 
sca les and types of aquaculture management, 
c) Study of the s o c i a l and economic c o n s t r a i n t s for 
development of a q u a c u l t u r e . 
MARKETING AND MARKET FORECASTING; 
Much a t t e n t i o n has been focussed on t h e means of 
i n c r e a s i n g p roduc t ion , but marketing a s p e c t s have he t ; been 
adequa te ly s t u d i e s . Research on market ing economics would 
f a c i l i t a t e d e c i s i o n making for i n d i v i d u a l farmers as well 
a s p o l i c y makers a t t h e n a t i o n a l l e v e l . The major a r e a s of 
r e s e a r c h a r e : 
a) Analysis of major fac tors affect ing demand (such 
as p r i ce , income, competition, preferences, etc,) 
b) Estimation of ex i s t ing and future market po ten t ia l 
of the species in d i f fe ren t product forms, 
c) Evaluation of marketing cons t ra in t s for development. 
(3) Development of marketing s t r a t e g i e s for different 
spec ies . 
PART - III 
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AQUACULTURE, A b u d e f d u f Ql^qns, BIOLOGY, ECOLOGY, LAKSHADalEP 
MINICOY ATOLL 
1, GOPINADHA (CS) and MADAN MonAN Ecology and b i o l o g y of 
AhTif^p-Frtuf q l a u c u s from Minicoy A t o l l , Lak shad weep, I n d i a n 
J F i s h ; 37, 1; 1990, Mar; 1 5 - 2 3 . 
;>budefdauf q l a u c u s forms a v e r y c o n s p i c u o u s component 
o f t h e upper r e e f f l a t l e t h y o f a u n a l asserr tolage t h r o u g h o u t 
Lakshadweep , The f i s h i s s l u g g i s h . J u v e n i l e s e t t l e a t 
f i r s t in s m a l l xjpper l i t t o r a l roc'k p o o l s t h e n d i s p e r s a l 
t a k e s p l a c e when i t a t t a i n s a t o t a l l e n g t h of 30 t o 40 
mm. The s p e c i e s i s e s s e n t i a l l y a h e r b i v o r e , f e e d i n g on 
sma l l e n c r u s h i n g and f i l a m e n t o u s a l g a e found a t t a c h e d 
t o r e e f r o c k s . F i s h i-3 a c t i v e d u r i n g t h e day t i m e . The 
S p e c i e s b r e e d t h r o u g h o u t t h e y e a r and s e t t l e m e n t i n 
r o c k p o o l s t a k e s p l a c e b e f o r e a t t a i n i n g s e x u a l m a t u r i t y . 
F e m a l e s show h i g h e r r a t i o t h a n m a l e s in t h e p o p u l a t i o n . 
T o t a l number o f m a t u r a t e d egg i n an o v a r y r a n g e s from 
8 ,789 t o 23,6 55 . 
- , ALGAE, BENTHIC, BIOMASS, ENERGY, MILK FISH PONDS 
2 . FONG (SC) and JU (HP) . Energy v a l u e of b i o m a s s w i t h i n 
b e n t h i c a l g a e of m i l k f i s h p o n d s , Acruacu l tu re ; 64 , 1; 
1987, J u n e , 3 1 - 8 . 
Energy c o n t e n t o f b e n t h i c a l g a e in m i l k f i s h p o n d s 
8S 
was mea su re d . Ai-rae i n f e r t i l i z e d p o n d s c o n t a i n e d 3 .8 
t i m e s more ene rgy t h a n a l g a e in v i n f e r t i l i z e d p o n d s . 
D i f f e r e n c e s in a l g a l f l o r a p a t t e r n and v a r i a t i o n of l i g h t 
e x t i n c t i o n c o e f f i c i e n t s were c o n s i d e r e d as t h e major f a c t o r s 
a f f e c t i n g t h e e n e r g y c o n t e n t o f t h e b e n t h i c a l g a e . Energy 
c o n t e n t d u r i n g A p r i l and August a p p e a r e d t o b e h i g h e r t h a n 
a t o t h e r months , 
-, - , ECOLOGY, PAPER MILL EFFLUENTS, RIVER TUNG;!^ HADRA 
3 . REDDY (P Manikya) and VENKATESHWARLU(V) . Ecology of a l g a e 
i n t h e p a p e r mfcll e f f l u e n t s and t h e i r impac t on t h e r i v e r 
Tungabhad ra , J E n v i r o n ^iS: 1, 4 ; 1986, Oc t ; 2 1 5 - 2 3 . 
Paper m i l l e f f l u e n t s and two sanrpl inn s t a t i o n s i n 
t h e r i v e r h a v e b e e n a n a l y s e d r e g u l a r l y f o r one y e a r (from 
May 1982 t o ^ r i l 1983) a t r ronth ly i n t e r v a l s . P h y s i o -
c h e m i c a l p a r a m e t e r s h a v e b e e n e s t i m a t e d i n t h e e f f l u e n t s 
and r i v e r w a t e r . S i m u l t a n e o u s l y b e n t h i c a l g a e h a v e a l s o 
b e e n c o l l e c t e d and a n a l y s e d b o t h q u a l i t a t i v e l y and 
q u a n t i t a t i v e l y . E n p h a s i s i s made on t h e i n d i c a t o r s p e c i e s . 
The^ e f f e c t o f t h e e f f l u e n t s on t h e r i v e r h a s a l s o b e e n 
d i s c u s s e d . 
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- , AIR-BREATHIMG FISH, H e t e r o p n c ' i g t e s f o s s i l I s , 
DEHYDROGENASE, LACTATE 
RAO (MRK) and KHUDA-3UKHSH (AR) . L a c t a t e d e h y d r o g e n a s e 
p a t t e r n s i n t h e a i r - b r e a t h i n g f i s h H e t e r o p n e u s t e s f o s s t l i s ; 
E n v i r o n A E c o l : 1, 4 ; 199 3, Dec; 2 2 3 - 5 . 
LDH isozyme p a t t e r n s in n i n e d i f f e r e n t t i s s u e s o f 
a d u l t - H e t e r o p n e u s t e s h a v e b e e n c h a r a c t e r i z e d by p o l y a c r y -
l a m i d e g e l e l e c t r o p h o r e s i s . A r a t h e r c o n s e r v a t i v e p a t t e r n 
was i n d i c a t e d in most t i s s u e w i th t h e i n v o l v e m e n t of two 
qene t o i t v^hile t h e e x p r e s s i o n o f t h e t h i r d gene r e p o r t e d 
i n t h e n e u r a l and r e t i n a l t i s s u e s i n some o t h e r f i s h e s 
was a p p a r e n t l y l a c k i n g i n t h i s s p e c i e s . 
- , ATLANTIC SALMAN DISEASE, PANCREAS, PYRUVATE KINASE, 
ANTIOXIDANT PARAMETER. 
5. 3ELL (JG) , MCVICAR (AH) and COVffiY (CB) . P y r u v a t e k i n a s e 
i s o z y m e s i n farmed : P y r u v a t e k i n a s e and a n t i o x i d a n t 
p a r a m e t e r s i n p a n c r e a s e d i s e a s e , A q u a c u l t u r e ; 66 , 1; 
1987, Oc t ; 3 3 - 4 1 . 
P y r u v a t e k i n a s e (PK) i sozyme e l e c t r o p h o r e t i c _ 
p a t t e r n s were o b t a i n e "1 from e x t r a c t s o f A t l a n t i c Salmon 
l i v e r , k i d n e y , w h i t - musc l e , r e d musc le , b r a i n , h e a r t , 
g u l l , s p l e e n and c a e c a . The s o u r c e of t h e PK was shown from 
t h e i sozyme p a t t e r n t o b e from s k e l e t o n m u s c l e . 3y 
9i) 
c o n p a r i s o n wi th c o n t r o l f i s h p l a s m a PK a c t i v i t y was 
i n c r e a s e d and l i v e r g l i x t a t h i o n e p e s o x i d a s e a c t i v i t y 
d e c r e a s e d in A t l a n t i c Salmon wi th p a n c r e a s d i s e a s e . 
A l though p l a sma , l i v e r and w h i t e m u s c l e v i t a m i n E l e v e l s 
were r e d u c e d in A t l a n t i c Salmon h a v i n g p a n c r e a s d i s e a s e , 
t h e s e l e v e l ' s were w e l l i n c r e a s e s of t h o s e l i k e l y t o b e 
r e s p o n s i b l e f o r musc l e damage, 
- , , FEEDIN3 FRY, DIET, ZOOPLAMKTON, PROTEASE ACTIVITY 
6 . HOLM (JC) and TORRISSEN (KR) . Growth d e p r e s s i o n and 
a c c l i m a t i z a t i o n of p r o t e a s e a c t i v i t y in A t l a n t i c Salmon 
f i s h - f e e d i n g f ry r e s p o n d i n g t o a d i e t - s u p p l e m e n t e d w i t h 
Z o o p l a n k t o n , Acaiacul ture? 6 5, 2; 1987, Sep, 1; 171-4 , 
Groups of A t l a n t i c Salmon f r y were ^ i v e n d ry f eed 
supp l emen ted wi th f r o z e n zoo^ank ton , o r d ry f eed o n l y . 
A t e n d e n c y t o w a r d d e c r e a s e d endogenous d i g e s t i v e a c t i v i t y 
and a h i g h l y s i g n i f i c a n t d e p r e s s i o n i n g rowth r a t e were 
o b s e r v e d i n g r o u p s g i v e n s u p p l e m e n t e d f e e d , 
- , AQUARIUM FISHES, SPEARMATOZOA 
7 . RAJA30PAL (S) and REDDY (P S i t a r a m i ) , ^me o b s e r v a t i o n s on 
t h e spe rma tozoa o f Aquarium f i s h e s , I n d i a n J F i s h ; 37, 3 ; 
1990, Sep ; 2 2 1 - 7 . 
Paper d e a l s w i th t h e morphology and b i o m e t r y of 
t h e s p e r m a t o z o a of f o u r t y p e s of aquar ium f i s h e s v i z . , 
Ko i Carp ( C y p r i n u s c a r p o o ) , b l a c k s h a r k , m a r i g o l d p l a t y 
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and d e l t a blac]< gxjppy f o r t h e f i r s t t i m e . The shape of t h e 
h e a d , m i d d l e p i e c e and t a i l h a v e b e e n d e s c r i b e d a l o n g w i t h 
t h e b i o m e t r i c d a t a . A c o m p a r a t i v e a c c o u n t of t h e s p e r m a t o z a 
of t h e f o u r t y p e s o f aquar ium f i s h e s h a s b e e n i n c o r p o r a t e d . 
- , AQUATIC SYSTEM, I s o c h r v s i s q u l b a n a ; INORGANIC, 
VOLATILIZATION 
8 . ALAVANDI (SV) , KALADHARAN (P) and PILLAI (VK) . V o l a t i l i -
s a l t s 
z a t i o n o f i n o r g a n i c / b y I s o c h r v s i s q u l b a n a p a r k e from 
a q u a t i c sys t em, Tnri-ian J F i sh? 37, 2? 1990, J u n ; 16 3 - 5 . 
L o s s o f mercury added e x t r a n e o u s l y a s an i n o r g a n i c 
s o u r c e t o t h e a l g a l c u l t u r e s and t o t h e s e a w a t e r c o n t a i n i n g 
i n s i t u p h y t o p l a n k t o n p o p u l a t i o n s o f f Cochin was d e t e r m i n e d 
q u a n t i t a t i v e l y . Such l o s s o f mercury was a t t r i b u t e d t o 
u p t a k e a s we l l a s v o l a t i l i s a t i o n of mercury (Hg°) by t h e 
a c t i v i t y of p h y t o p l a n k t o n and m i c r o - o r g a n i s m . The r a t e of 
removal of mercury i n t h e c u l t u r e s y s t e m was 54% p e r day 
and t h a t by i n s i t u p h y t o p l a n k t o n was 38%. 
9 
- , BARRACUDAS, SPECIES, BIOLOGICAL ASPECTS, SOUTH-EAST 
COAST 
9 , PREMLATA (P) and MAKIOJKUMAR (PP) . Some b i o l o g i c a l a s p e c t s 
o f two s p e c i e s of b a r r a c u d a s from t h e South-West Coas t of 
I n d i a , I n d i a n J F i s h ; 37, 4 ; 1990; 289-9 5. 
Two s p e c i e s of b a r r a c u d a s a r e comrnonly caugh t from 
t h e c o a s t a l w a t e r s of t h e soxrt:h west c o a s t o f I n d i a . The 
f i s h i n g s e a s o n e x t e n d s from O c t o b e r t o Ma^ wi th two p e a k s ; 
o n e in Noventofer and t h e o t h e r in March which i s c l o s e l y 
a s s o c i a t e d w i t h t h e b r e e d i n g h a b i t s . T h e i r l e n g t h - w e i g h t 
s t u d i e s showed d i f f e r e n t i a l g rowth i n male i n f ema le . 
A n a l y s i s o f s tomach c o n t e n t s i n d i c a t e d t h a t t h e y a r e 
h i g h l y p r e d a t o r y f i s h e s f e e d i n g m a i n l y on o t h e r p e l a g i c 
s p e c i e s . The b a r r a c u d a s h a v e an e x t e n d e d spawning p e r i o d 
wi th h i g h F e c u n d i t y r a t e . 
- , - , Sphyraena o b t u s a t a , FISHERY, GROWTTH, YIELD, STOCK, 
GULF OF MANNER, TUTICORIN, CUVIER OFF 
10. KASIM (H Mohamad) and BALASUBRAHMAl^ jIAN (TS) . F i s h e r y , 
g rowth , y i e l d p e r r e c r u i t and s t o c k a s s e s s m e n t o f Sphyraena 
O b t u s a t a C u v i e r o f f TTuticorin, o u l f of Mannar, I n d i a n J 
F i s h ? 37, 4 ; 1990; 2 8 1 - 8 , 
Annual a v e r a g e c a t c h of 6 1 2 . 2t o f b a r r a c u d a s were 
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l a n d e d a t t h e c a t c h r a t e of 1 7 . 1 k g / u n i t when c o n s t i t u t e d 
3.9% i n t h e t o t a l c a t c h l a n d e d by t r a w l e r s d u r i n g 1987-88 
a t T u t i c o r i n . Sphvraena O b t u s a t a c u v i e r c o n s t i t u t e d on 
an a v e r a g e 69 .6% of t h e t o t a l c a t c h of b a r r a c u d a s . The 
n a t u r a l m o r t a l i t y c o e f f i c i e n t (^ )^ i s 1 .591, 
t h e a v e r a g e annua l t o t a l n o r t a l i t y c o e f f i c i e n t (z) i s 
2 .8317 and a v e r a g e e x p l o i t a t i o n r a t e (U) i s 0 . 4 1 2 3 . The 
a v e r a g e s t a n d i n g stoc]< i s e s t i m a t e d t o b e 3 4 3 . 2t and 
a v e r a g e a n n u a l stocl^ 1,0 3 2 . 7 t . T h e r e i s s cope f o r 
i n c r e a s i n g t h e e f f o r t o f t r a w l n e t w i t h a v iew t o i n c r e a s e 
t h e c a t c h o f t h i s s p e c i e s a t t h e p r e v a i l i n g c o n d i t i o n s . 
- , 3 ARR.->r:i™ATE^ L a t e s Ca 1 ca r ^ f e r / sPERMATO ZOA, 
CRYO FR ESERVATION 
1 1 . LEUNG (LKP) . C r y o p r p s e r v a t i o n of s p e r m a t o a s a of t h e b a r r a -
muntae , L a t e s C a l c a r i f e r , Aqua c u l t u r e ; 64 , 1; 1987; J u l y ; 
24 3 - 7 . 
T h r e e c r y o p r o t e c t a n i s d i m e t h y l s u l p h o x i d e (DMSO) 
g l y c e r o l and m e t h a n o l , were t e s t e d f o r t h e i r a b i l i t y t o 
c r Y o p r e s e r v e v i a b l e sperm from L a t e s Gal C r i r i f e r . The 
d i l l u t o n r a t i o of m i l t t o d i l u e n t was 1.^4 and t h e i n i t i a l 
f r e e z i n g r a t e was 31°c / r a in . DMSO a t a c o n c e n t r a t i o n of 
5% w i t h e i t h e r 15% mi lk powder o r 20% egg yolk gave t h e 
b e s t r e s u l t s . ' G l y c e r o l gave a c c e p t a b l e r e s u l t s when used 
a t h i g h c o n c e n t r a t i o n (20%) wi th 15% mi lk power . Methanol 
p r o v i d e d l i t t l e p r o t e c t i o n a g a i n s t f r e e z i n g damage. 
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- , BHETKI, L a t e s C a l C a r ^ f e r JUVENILE, PIGMENTATION 
1 2 , MUKHOPADHYAY (MK) , VERGHESE (PU) and KARMAKAR (HC) . 
P i g m e n t a t i o n i n j u v e n i l e b h e t k i L a t e s C a l c a r i f e r . 
E n v i r o n ^^  Eco l ; 1, 4 ; 1983, Dec; 26 5 -7 . 
Four s t a g e s o f c h a r a c t e r i s t i c p i g m e n t a t i o n p a t t e r n 
i n t h e j u v e n i l e f i s h L a t e s c a l c a r i f e r were foxind. The 
b l a c k c h r o m a t o p h o r e s r e a c h e d t h e maximum development i n 
f r y l e s s t h a n 9 , 3 mm and t h e y l o o k e d b l a c k i s h , fbove 
9 , 3 mm t h e p i g m e n t e d a r e a formed f o u r v e r t i c a l b o n d s . 
The f i s h g r a d u a l l y became p a l e r a s t h e p i g m e n t a t i o n d i d 
n o t s p r e a d i n p r o p o r t i o n t o t h e i n c r e a s e i n l e n g t h and 
body s u r f a c e s . T h e r e was a s i g n i f i c a n t r e l a t i o n be tween 
t h e l e g n t h and p i g m e n t e d a r e a . The f e a t u r e p r e s e n t e d 
w i l l b e h e l p f u l i n f i e l d i d e n t i f i c a t i o n of t h e l a r v a e 
and e a r l y j u v e n i l e s o f f i s h . 
-, BIOLOGY, Py^pttodes Crymei/ Pseudorhorribus a r s j u s , 
NORTHERN ARABIAN SEA 
13 . HUSSAIN (Syed Makhdoom) . B i o l o g y of P s e t t o d e s e rumei 
and Pseudprhombus a r s i u s from t h e N o r t h e r n Arab i an Sea, 
I n d i a n J ^ i s h ? 37, 1; 1990, Mar; 6 3 - 6 , 
F l a t f i s h e s a r e r e p r e s e n t e d by f o u r f a m i l i e s and 
28 s p e c i e s a l o n g S ind and Makran C o a s t s (N Arab ian Sea) 
93 
Psettodes eriJinei and Pseudorhombus arsius contribute major 
portion of the flatfish caught from these coasts. The two 
species are distributed in the coastal waters, shelf area 
and off shore waters, P arsius migrates in to creeks and 
estuaries. The analysis of length and weight relationship 
showed isometric growth in both species.Diet difference 
in feeding habit is noted in two species. Spawning seems 
to occur from March to May in P. erximei and after monsoon, 
Septanber_November in _P. arsius . 
-, BIOMASS, GANGA, SOS, BIHAR 
14. SINHA (JH) . SOS from ^angetive biomass. Fish Chjjnes ; 
11, 7; 1991; 32-4. 
The environment of the "^ anges River flowing through 
Bihar, India stressing the need to adopt certain measures 
with effect of free fishing in the river stretch and in 
the kols and Dhabs is described. It has been estimated that 
seed collection from the Ganges constitutes = 91.67% of 
the countries total production. The need of protecting 
and managing the environment and resources is included. 
9 n 
-, BIVALVE SPOT, REARING, ARTIFICIAL DIETS, use o£. 
15. LAING (L). Use of artificial diets in rearing bivalve spot, 
Aquaculture; 65, 3/4; 1987, Sep, 15; 243-9. 
Spot of five species of commercially cultivated bivalve 
mollusces were reared in 50 recirculating sea water system. 
They were held in one of three feeding regimes; a live algal 
diet, a microencapsulated artificial diet, and not fed. Dry 
weight growth rates of oyster and clam spot fed the artificial 
diet were upto 54% and 64% respectively, of the rates with 
the algal diet. Unfed spot showed almost no growth. 
Substitution of microencapsulated diet with 40% and 15% 
by weight of algae for oyster and clams, gave growth similar 
to that with algal control diet. 
-, BLUEPULLER, Chromjg Caeruleus, BIOLOGY, LAKSHADWEEP, 
MINICOY ATOLL. 
l6. PILLAI (CSG) , MO?IAN (M) and KUNHIKOYA (KK) . Biology of the 
bluepuller, Chromis caeruleus (Cuvier), from Minicoy Atoll, 
Indian J Fish; 33, 4; 1986; 457-70. 
Chromis cae^^uleus, resident reef fish on live ramose 
corals forming a dominant component in lagoons throughout 
Lakshadweep, is an important livebait for tuna. The species 
is ctLrurnal in habit and is an active zooplankton f opder . The 
9? 
length-weight relationship, food and feeding, reproduction 
and growth parameter are discussed. 
-, BOMBAY DUCK, Harpodon necherus, STOCK SIZE, MORTALITY 
17. MOHAMMAD ZAFAR KHAN. Mortality and stock-size estimates of 
the Bombay duck Harpodon nechereus, off Nawabunder, Gujarat, 
Indian J Fish; 33, 3; 1981, Sep; 354-8. 
Estimated total mortality rate of Bombay duck, at 
Nawab-under varied between 2.443 and 2.939 for the period 
1976-79. The Natural mortality coefficient was at 1.575 
for the unexploited phase and 1.462 for the exploited phase. 
The average yield were close to the estimated values were 
3918.4t and 3561,Ot, respectively. 
-, BRACKISHWATER BHERI, ECOLOGY, SUNDERBANS, WEST BENGAL 
18. DATTA (NC), CHOUDHURI (S), CHAUDHURI (A), DAS (M) and 
GHOSH (B). Ecological characteristics of a Brackishwater 
Bheri of the Sunderbans, West Bengal, Environ A Eco; 
1, 4; 1983, Dec; 235-9. 
Cladocerans were most adversely affected by higher 
salinity. Alundance of diatoms was largely controlled by 
the availability of silicates Among other parameters an 
inverse relationship was observed between pH and free CO., 
temperature and dissolved oxygen. The pH and bicarbonate 
.9^ 
alkalinity showed a direct relationship. Salinity in a 
brackish water impoundment seems to be the principal factor 
that controls the dynamics of biotic community. 
-, BROWNTROUT STARTER, FEED, SOY FLOUR, QUALITY CONTROL 
19. REINTIZ (ffarg). Protein dispersibility index (PDI) as a 
quality cohtrol measure for soy flour used in brown trout 
starter feed. Prog Fish Cul; 46, 3; 1984, July; 161-4. 
Protein dispersibility index (PDI), the percentage 
of total protein that disperses in water under standard 
conditions and which is correlated with the amount of 
heat to which soy flour is exposed during production, 
was used to measure the adequacy of processing for soy 
flour used in starter diets of brown trout (Salmo trutta) 
fry for a 112-day period. Feed conversion was best for 
fish fed the diet with soy flour with PDI of 20, interme-
diate with PDI of 11 or 70, and worst with PDI of 88. 
PDI values are useful measurement at the nutritional 
value of soy flours in trout starter diets. 
-, CARP, COMMON, DISEASE, STOMATOPAPILLOMA 
20. TALDA (UK) and MOK.\SHI (NV). Record of the stomatopapi-
lloma disease in common carp, Cyprius Carpio specularis 
Lacepeds, Indian J Fish; 32, 2; 1985; 270-2. 
A tumour causing disease, most probably stomatopapilloma 
9;) 
of viral origin, is first time reported from a common 
carp, cyprinus carpio specularis, cultured in fish farm. 
A tumour causing disease, most probably stomatopa-
pilloma of viral origin, is first time reported from a 
common carp, cyprinus carpio specularis, cultured in fish 
farm. 
-, CARPS, Cyprinus Carpio, SEMEN, SPERMATOZOA,HARMONES, 
STIMULATION 
21. SAAD (A) and BILLARD (R). Spermatozoa production and volume 
of semen collected after hormonal simulation in the carp 
Cyprinus carpio, Aquaculture; 55, 1; 1987, Aug, 15; 67-77. 
Annual spermatozoa production in the carp, cyprinus 
carpio, has been estimated by measuring the quantity of 
spermatozoa in the testesof males at the end of their 
first spermatogenic cycle; this production that could be 
used for artificial insemination, the production was 
1 2 1,9+0.2x10 spermatozoa/kg of live weight per year. 
The milt could be collected as early as 12h after a single 
injection. Maximal volume was obtained after 24h. Less 
milt was collected 48 or 96h after injection, "^ he response 
increased with the dose of Cpc and with rearing temperature, 
Daily injection of carpp-iturit^ i' extract (Cpc) stimulate 
loo 
Aesticular sperm production of 46%. When the carp was 
treated for 9 months.testicular spermatozoa (95%) were 
collected. 
•^,-, FEED, ARTIFICIAL, FORMULATION, STABILITY, effect of 
STORAGE 
22. MURTHY (HS) and DEVRAJ (KV). Formulation, stability and 
effect of storage on the quality of three artificial feeds 
used in carp culture. Fish Technol; 29, 2; 1992; 107-10. 
Artificial feeds incorporating leaf powders of 
Eicrf"i)ornia. Pisti.a and Salvinia were formulated and 
compared with conventional feed for their water quality 
and keeping quality. The artificial feeds were more 
stable. 
-,-, FERTILIZER, MUSSORIE PHOSPHATE ROCK 
23. JANA (BB) and DAS (SK). Fertilizer value of Mussorie 
phosphate rock in carp culture, J Aqua Cul; 44, 1; Mar, 
1992; 13-23. 
The fertilizer value of Mussorie phosphate rock 
(MPR) was tested in outdoor tanks by evaluating the growth 
performance of Indian major carps using 6 treatment 
combinations. Forty five F.ry of La bio rohita. catla, catla. 
and Corrghinus mrigala (i ;i ;i) were introduced in each tank 
1 0 1 
2 (4.2 m ) and reared for 12 months. No artificial feeding 
was given and fertilizers were applied. Examination of 
carp growth compared in all 3 species. The average body 
weight for all 3 species of carps was lowest in the most 
treatment. 
-,-, GRASS, SAGOPONDWEED, PHOSPHORUS RETENTION 
24. OIAPMAN (DC), HUBERT (WA) and JACKSON (UT). Phosphorus 
retention by grass carp fed sago pondweed, Aquaculture; 
65, 3/4; 1987, Sep, 15; 221-5. 
Diploid and tripload grass carp fed sayo pond weed 
in a laboratory experiment, excreted about equal amount 
of the phosphorus cons\imed (5.6% - 6.9%), all apparently 
in an insoluble for in feoes. Sequestering of phosphorus 
in grass carp tissue may explain the failure of algal 
blooms to occur when these fish are used for aquatic 
macro phyte control. 
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-,- MINNOV;, Salmostoma Clupeoidas, RACIAL, ANALYSIS. 
25. PISKA (Ravi Shankar) . Racial analysis of Carpminnow Sa_lrnos-
toma '^lupeoides (Bloch), Indian J Fish; 37, 3; 1990, Sep; 
265-8. 
Study deals with reciation of the population of two 
stocks of Salmonstoma clupeoides of Osmansagar and Himayath 
Sagar. The differences between morphometive, meristic and 
length-weight characters in two water bodies indicated that 
they are drawn from a common stock and no remarkable 
differentiation has occurred for placing them under sBeparate 
populations. The differences may be liable to disappear 
with the change of habitate. 
-,-, MAJOR, BREEDING, RESERVOIR PROJECT, KADANWAR, BIHAR. 
26. SINHA (JP). Kadanwar reservoir project in Bihar: Background 
to be kept in view, Fj^hChimes;ii, 3; 1991; 36-40. 
A discussion is presented on the fishery resources of 
the G'nga River System in India. The River Sone, an important 
tributery of Ganga River is the breeding groxind for Indian 
major carps. Since the spawning behaviours of fish is 
directly related to the hydrodynamical, chemical, meteoro-
logical and hydrobiological characteristics of rivers. The 
entire river ecology, surveys be conducted in order to 
obtain information for the protection of the fishery 
resources. 
VJA 
- , - , INDIAN, Labeodero. CHARACTERS, MERISTIC, MORPHOMETRIC, 
INDIAN RIVERS, NORTH-EASTERN. 
27. NASAR (SAK), BISWAS (SP) and CHATTERJEE(K).^orphometric 
and meristic characters of the Indian Carps Labeo dero 
from three north-eastern Indian rivers. Environ ^ Ecol; 1,4; 
1983, Dec; 219-22. 
Morphometric and meristic characters of an Indian carp, 
Labeo dero from three rivers of north-eastern India were 
analysed. India specific variations in these characters were 
observed which were attributed to diverse ecological condi-
tions of the three rivers. Sexual demographism was obseirved 
in some of the morphometric characters, such as dorsal fin 
height and body depth. Body depth showed isometric growth 
whereas eye diameter, head length and standard length 
showed allometric growth. 
-,-, INDUCED BREEDING, OVAPRIM-C, MANIPUR 
28. AZAD (IS) and SHIMRAY (DK). First success in induced breeding 
of Indian and exotic carps in Manipur using Ovaprim-c, 
Fish ChimQs;ll , 7; 1991; 28-9. 
Details are given of experiments conducted in Manipur, 
India using Ovaprim-c to induce breeding in different Indian 
and exotic carps. Fertilization rates were high, mortality 
was not recorded during or after spawning and hatching 
percentage was encouraging of all the species. 
lua 
-,-, MAJOR, GROWTH, COMPARATIVE, GOVINDGARH LAKE 
29. PRAKASH (S) and GUPTA (RA). Studies on the comparative growth 
rates on three major carps of the Govindgarh Lake, Indian J 
Fish; 33, 1; 1986; 45-53. 
The relationship between fish length and scale length 
and time of formation of annuli are estimated. August to 
October and February to April have been observed as the 
period of highest growth and winter months as the period 
of least growth. The growth curve was affected by feeding. 
-,-,-, INDIAN, Catla catla, DIETS. PROTEIN. 
30. KHAN (MA) and JAFRI (AK). Dietary protein requirement of two 
size classes of the Indian major carp, Catla catla, J Aqua 
Trop; 6; 1991; 79-88. 
T-vJO size classes (0.134 + 0.004g and 5.12 + 0.46g body 
weight) of Catla catla were fed a series of almost isoener-
gentic (3.071 cal/g) purified diet of varying protein level 
(25,30,35,40%) weight gain for both size classese were lineai 
Dose-response curves indicated a requirements at 40% protein 
in the small class and 35% protein in the large. 
lic) 
- , - , , INDIAN, l a b e o rfthJ-fca , FINGERLING, DIETS, 
AMINO^/CIDS 
3 1 . KHAN (Mukhtar A) and JAFRI (AK) . Q u a n t i t a t i v e d i e t a r y 
requirement for some i n d i s p e n s a b l e amino a c i d s in t h e 
Ind ian Major Capr, Labeo r o h i t a (Hamilton) F i n g e r l i n g , 
J Acfuo Trop; 8; 1983; 67-80 . 
Die ta ry requirement of four d i f f e r e n t i nd i spensab l e 
amino a c i d s most l i m i t i n g in p l a n t o r i g i n feed s t u f f s , 
were q u a n t i f i e d for Laibeo rohlita f i n g e r l i n g . The b reak -
p o i n t ob ta ined over t h e dose - responses curves i n d i c a t e d 
t h e requirement of a r g i n i n e , l y s i n e , methionine, and 
fryptophan as 2.94, 5.88, 2.64 and 0 . 59% of p r o t e i n 
r e s p e c t i v e l y . I nco rpo ra t i on of h igher amount of t h e 
above amino a c i d s in d i e t did not improve t h e ga ins 
in l i v e we igh t .F i sh r e c e i v i n g d i e t s devoid of t h e s e 
amino a c i d s showed marked l o s s in weights . 
_ , _ , _ , _ , POLYPLOID MOSAICS, INDUCED 
32. REDDY § FVGK) and JOHN (G Jana) . Induced p o l y p l o i d n o s a i c s 
in Indian major carp , J In land Fjsh SQC; 19, 1; 1987; 
9-12 . 
Deploid t e ^ r e p l o i d mosaics were induced in rohu 
(Labeo roh i t a ) by exposing eggs t o c o l c h i c i n e s o l u t i o n 
mosaics were observed in f i s h produced from eggs t r e a t e d 
l O n 
w i t h 0 . 0 1 % c o l c h i c i n e b e g i n n i n g 25 mm a f t e r f e r t i l i z a t i o n 
and l a s t i n g t i l l t h e b l a s t u l a s t a g e . 
>, - , _, INDUCED BREEDING, OVARIM 
3 3 . FRAI^ .^ CIS (T) , SUKUMARAN (N) , DEVARAJ (M) and SUIvDARARAJ (V) . 
I nduced b r e e d i n g o f major c a r p s u s i n g ovap r im , F j s h Q t ^ g s l ; 
11 , 7 ; 1991; 2 5 - 7 . 
B r e e d i n g e x p e r i m e n t s were c o n d u c t e d on I n d i a major 
c a r p S u s i n g ovap r im in t h e c a r p h a t c h e r y a t manimutha^ 
Dam, I n d i a , Labeo l i m b r i § ^ ^ s ( t heCuve ry ca rp ) . C a t l e c a t l a 
(Ga t l a ) and m a r g i n a l were b r e e d s u c c e s s f u l l y u s i n g o v i p r i m 
d u r i n g t h e i r l a t e b r e e d i n g s e a s o n . The f e r t i l i s a t i o n and 
h a t c h i n g r a t e were found t o be b e t t e r in ovap r im induced 
c a r p s them in c o n t r o l . 
- , - , - , Lebeo r o h i t a , o c c u r r e n c e , FIBROMA 
34 . TKANKAPPAN (C) and THAMPY (DM). O c c u r r e n c e o f fi l-roma in 
a major cap , Labeo r o h i t a , I n d i a n J E j s h ; 37, 1; 1990, 
Mar; 7 7 - 8 . 
Case of f i b roma in a j u v e n i l e specimen of t h e 
I n d i a n major c a r p Labep r o h i t a i s d i s c u s s e d . A q u a c u l t u r e 
becomes a v i a b l e p r a c h e e o n l y when t h e p r o b l e m s of 
d i s e a s e and a s s o c i a t e d mass m o r t a l i t i e s a r e b r o u g h t down. 
1 0 ; 
of a l l t h e f i s h d i s e a s e s , t h e problems of those connected 
with neoplas t i ' ^ d i s e a s e s a re ye t t o be explored . F i s h e s 
form useful animal models t o study t h e e f f ec t of corc inogens 
in body system. 
-,-,-, Labeo dussumici , ENDANGERED, KERALA 
35. KURUP (BM) and KURIAKOSE (B) . Labeo dussumici (Val.) an 
indigenous endangered carp spec ies of Kerala , Fish Chjjrtes 
11, 7; 1991; 39-4 2. 
Survey f i n d i n g s have shown t h a t Labeo dussumier i 
p&puiat ion in I n d i a have become extremely r a r e and have 
v i r t u a l l y d isappeared from most of t h e f i s h i n g a rea of 
K e r a l a . A study was conducted t o determine the p o s s i b i l i t y 
of b reed ing by us ing carp p i t u i t a r y gland e x t r a c t . 
Successfu l r e s u l t i n d i c a t e d t h a t with t h e he lp of 
ha t che ry produced seed, L. dussumier i r e sou rce s may 
be conserved and managed. 
- , - , SILVER, CA3E CULTURE 
36. SIVAKAMI (S), AYYAPP/^ UCS) and RAHI-IAN (MP). Cage c u l t u r e 
s i l v e r carp , J In land Fish S Q C 19, 1; 1987; 37-4 5. 
Growth and s u r v i v a l r a t e s of s i l v e r carps fed on 
d i f f e r e n t corttoinations of a r t i f i c i a l feeds in cages were 
UH 
s t u d i e d . Three k inds of feeds of animal o r i g i n , v e g e t a b l e 
and a confcination of bo th were t r i e d s imul taneous ly with 
c o n t r o l s e t s where no supplementary feeding was done. 
T r i a l s with f i s h e s fed on a feed of v e g e t a b l e o r i g i n showed 
b e t t e r growth, b e t t e r s u r v i v a l and maximum p r o d u c t i o n . 
S i l v e r carp showed b e t t e r e f f i c i e n c y t o u t i l i s e a carbohy-
d r a t e r i c h food. Fish r ea red in t h e c o n t r o l cages e x h i b i t e d 
poor growth. 
-,-,-, EGGS, HATCHING, e f f e c t of, WATER HARDNESS 
37. GONZAL (AC), ARALAR (EV) and PAVICO (J Ma F) . E f f e c t s of 
water ha rdness on t h e ha t ch ing and v i a b i l i t y of s i l v e r carp 
Eggs, Acfuaculture; 64, 1; 1987, June ; 111-8, 
I n v e s t i g a t i o n was conducted t o e s t a b l i s h water ha rdness 
c o n c e n t r a t i o n for optimum ha tch ing of s i l v e r carp eggs . Eggs 
were incxjbated for 19h a t 26, 5*c a t s i x l e v e l s of water 
h a r d n e s s : 100, 200, 300, 400, 5000 mg/1 caco3 water 
a b s o r p t i o n at 100-200 mg/1 cacoz caused eggs t o b u r s t 
p rematu re ly and minimal water absorp t ion occur red a t 
600 mg/1 caco3. Chlor ide c o n c e n t r a t i o n a t 0 and 6 h pos t 
f e r t i l i z a t i o n was s i g n i f i c a n t l y r e l a t e d t o egg h a t c h a b i l i t y . 
To"tal ammonia n i t r o g e n at 6h, pH at 6h, magnesium ha rdness 
a t 18h and c h l o r i d e s a t 18h s i g n i f i c a n t l y in f luence v i a b i l i t y 
109 
of larvae. A water hardness of 300-500 mg/l caco^ is 
recommended for the successful hatching of silver carp 
eggs. 
-, CATFISH, Clarias batrachis DIET, ARTIFICIAL, POTEIN, 
LEVEL. 
38. HOSSAIN (MA) and MOLLAH (MFA) . Effects of aMficial diets 
containing different protein-levels on growth and feed 
efficiency of catfish Clarias batrachJVS, Indian J Fish; 
37, 3; 1990, Sept; 251-9, 
Attempt was made to determine the optimum level of 
dietary protein in formulated feed for catfish, Clarias 
batrachis. Five kinds of artificial diets were prepared 
with laboratory made fish meals as a single source of 
protein. The level of protein in less diet were maintained 
at 30, 34.7, 39.5, 44.1 and 48.9 in dry weight basis. 
Slightly higher growth and feed efficiency were observed 
in groups with higher protein levels. These finding 
indicate that 39,5% protein is optimum in diet for commer-
cial rearing at cat fish. 
lift 
-,-, RAINBOW, CHANNEL, HISTORY, STATIC WATER 
39. SODERBERG (Richard W ) . Comparative histology of rainbow and 
channel catfish grown in intersive static water aquaculture. 
Prog Fish Cult; 46, 3; 1984,July; 195-201. 
Gill, kidney and trunk kidney samples analyzed from 
rainbow grown in the 1979-80 winter season and channel catfish 
reared during the summer in 1981 in static water earthen ponds. 
Average daily maximum unionized ammonia concentration ranged 
from 8.3 to 48.7 leg/L in the trout ponds and 63-183 leg/L 
in the catfish ponds. Trout and catfish both exhibited gill 
lesions characteristic of ammonia exposure reduce feeding. 
All catfish liver were well fed. No kidney lesions were found 
in or cat fish, 
-,-, Claris batrachus, MUSCLES, NUCLEICACID, PROTEIN 
CONCENTRATION 
40. KHAN (MA) and JAFRI (AK). Protein and nucleic acid concen-
tration in the muscle of catfish Claris batrachus at different 
protein levels, Asian Fish Sci; 4; 1991; 75-84. 
Variations in muscle protein and nucleic acid in the 
catfish Claris batrachus fed isocalorie diets with 
varying crude protein levels have been reported. A 
positive clear relationship between the amount of dietary 
protein level fed and the muscle protein content was 
evident upto 35% dietary protein in corporation. Above this 
level at protein in the diet, mucle protein decreased. 
v il 
Similar changes were observed in RNA concentration and the 
RNA; DNA ratio. The concentration of DNA, on the other hand, 
declined progressively upto 35%.dietary crude protein level. 
The view that RNA; DNA ratio can be used as a sensitive 
tool in monitoring the growth and/or protein deposition 
in fish has been further strengthened. 
-, Channa gachua. MORJsHOLOGY. HISTOLOGY, THYROID, INTER-
RENAL, CELLS 
41. MISHRA (SK). Morphological and histochemical changes in the 
thyroid and inter-renal cells during breeding and non-breeding 
period of Channa gachua, Indian J Fish; 37, 1; 1990, Mar; 
55-60. 
Thyroid and internal cells channa gachua exhibit cycle 
histological and histochemical changes during various phases 
of annual ovarian cycle revealing their in activity and 
hyperactivity during non-breeding and breeding period. 
There is direct correlation between the cycle activity 
in the ovaries and the cycle activity in the interrenal 
cells and thyroid. 
n: 
-, CHANNEL CATFISH PONDS, BLUE-GREEN ALGICIDE, POTASSIUM 
RICINOLCATE 
42. TUCKER (CD) and LLOYD (SW). Evaluation of potassium reinole-
ate as a selective blue-green alguide in channel catfish 
ponds, Aquaculture; 65, 2; 1987, Sep, 1; 141-8. 
Effectiveness of potassium recinoleate as a selective 
blue-green algueida was investigated in experimental channel 
fish catfish, Ictalurus punctatus, culture ponds. When five 
ponds were treated with 0.8 mg/l potassium rsinoleate three 
times per week from May to October and five ponds served 
as controls, treatment did not affect concentration of 
chlorophyll-a, total and un-ionized ammonia-nitrogen, or 
dissolved oxygen; nor did it affect net fish production. 
The mean nitrote-nitrogen concentration in control ponds 
was higher (P/ 0.05), Treatment did not reduce the percentage 
of blue-green algae in phytoplenkton communities and did 
not prevent sever episodes of off-flavor fish from 
treated ponds. 
-, CHIMAEROID, EGG, CAPSULE, OCCURANCE, GULF OF MANNER, 
TUTICORIN. 
43. ARUMI3AM (G) and RAJAPACHIAM (S). On the occurrence of 
chimaeroid egg capsule aff Tuticorin, gulf of manner, 
Indian J Fish; 37, 2; 1990, Jun; 16 7-8. 
Occurrence of two chimacoid egg capsules off Tuticorin, 
Gulf of Manner from commercial deep sea catch at a depth of 
250-400m during January 1990 is reported. A brief description 
of the morphometric charactersof the egg cases is also given. 
-, CHINOOK SALMON, SPAWNERS, TISSUES, EGGS, DISEASE, 
RENIBACTERIUM SALMONINARUM, IMMUNO FLUORESCENCE, 
SCREENING. 
44. LEE (EGH) and GORDON (MR). Immunofluorescence screening of 
Renibacterium Salmoninarum in the tissues and eggs of farmed 
Chinook Salmon spawners, Aquaculture; 65, 1; 1987, Aug, 15; 
7-14. 
Simple and rapid on site-test method was used to screen 
farmed chinook Salmon broodstook for bacterial kidney disease 
(BKO) at the time at spawning. Kidney tissue and ovarian 
fluid smears were examined, using the indirect fluorescent 
antibody technique (IFAT). Prior to sampling eggs were 
incubated at 15 c for 40 days in enrichment KDM-2 broth. 
R. Salmoninarum cells were found in one out of 10 samples 
of pooled contents of eggs from fish showing no R. Salmoni-
narum in the kidney tissue; three of out 10 samples was 
detected in the kidney but not the ovarien fluid; all of 
the 10 pooled samples from fish with R. Salmoninarum in 
both the kidney tissue and the ovagtan fluid. The number 
of the pooled egg contents was low. Using IFAT technique 
N was not possible to determine whether the BKD Joacter3.a in 
the eggs were alive or dead. 
• 4 
-, Cirrhinus Mrigala. GROWTH, AGE, GEAR, UTTAR PRADESH, 
RIHAND RESERVOIR 
45. DESAI (VR) and SHIRIVASTAVA (NP). Studies on age, growth and 
gear selectivity of Cirrhinus mrigala from Rihand reservoir, 
Uttar Pradesh; 37,4; 1990; 30 5-11. 
Age and growth study of cirrhinus mrigala from Rihand 
reservoir (U.P.), indicated that fish attained 210, 384, 514, 
6 02 and 695 mm in total length during 1 to 5 years of age 
respectively. Its growth was poor in the reservoir with 
inadequacy of its food. Its fishery was lean only because 
the species was not exploited fully due to selective mode 
of fishing using gill nets of bigger meshes only. Action 
plan it therefore required for developing its fishery 
and catching rriore mrigal with nets of 45-90 mm bar to 
increase fish yield of Riha»d •. reservoir. 
-, Claris batrachus, DIETS, PROTEIN 
46, KHAN (MA) and JAFRI (AK). On the dietary protein requirement 
°-^  d'^ J^ is batrachus linnaeus, J Aquo Trop; 5; 1990; 191-9. 
Dietary requirement of the, Claris batrachus, was 
quantified using casein-gelatin based synthetic diets. 
Percentage increase in the live weight of the fish with all 
the test diets was found to increase linearly on their initial 
weights and the changes were significant (P / 0.01). Dose-
response curve indicated that C.batrachus requires 40% protein 
115 
in the diet for optimxim growth. Protein efficiency ratio 
was inversely proportional to the level of dietary protein 
incorporation. 
-, COHOSALMON, HYPOPHYSECTOMY, SURVIVAL, FRESHWATER ^nd 
SEAWATER 
47. NISHIOKA (RS), RICHMAN (NH) and BERN (HA). Hypophysectomy 
of Coho Salmon (Oncorhynchus Kisutch) and suirvival in fresh 
water and sea water, Aquaculture; 65, 3/4; 1987, Sep, 15; 
343-52. 
Coho Salmon were hypophysectomized by a transorbital 
surgical technique. Hypophysectomized Coho suirvived in fresh 
water but not in sea water. Plasma solium level were lower 
in hypophysectomized fish in fresh water and in y4 
(isotonic) sea water than in sham operated fish,suggesting 
impaired osmoregulatory function in hypophysectomized fish. 
In addition Nat, Kt - Atpase activity was reduced. 
"• Colossoma macropomum, JUVENILE, GROWTH, BODY COMPOSITION, 
DIET, ARTIFICIAL. 
48, ECKMANN (R). Growth and body composition of Juvenile Colossoma 
macropomxim Cuarier - 1818 feeding on artificial diets, 
Aquaculture; 64, 1; 1987, Aug; 293-303. 
Juvenile colossoma macropomxim were fed to 56 days 
II 
with sex pelleted feed which contained f^esh meal and blood 
meal as sources of animal protein in varying proportions. 
Blood meal can be incorporated in a diet together with fish 
meal but N was inadequate as the only source of animal 
protein for juveniles. Growth rates from 1.1 to 2.5% dry 
weight/day proportional to dietary crude protein levels 
(25-37%) whPle dry matter content of whole fish bodies 
(35-25%) was inversely proportional to growth rate. Body 
composition on a dry matter basis shows heighest protein 
(53%) and lowest level (25%) for the fastest growing fish. 
-, COPEPODS, Glasiiforens imparipes, POPULATION GROWTH 
49. RIPPINGALE (RJ) and HODGKIN (EP). Population growth of a 
copepod Gladioferens imparipes, Aust J Mar Freshwater Res; 
25, 3; 1974,Dec; 351-60. 
Intrinsic rate of increase of an animal population 
can be calculated from data on longevity, sex ratio, 
maturation rate and ficundity and can be expressed as r 
ert in the population growth equation Nt = No . Laboratory 
and field data are used to calculate the value of r per 
day for the Copepod Gladiofurens imparipes. The r values 
obtained 0.146 per day at 15 c and 0.293 per day at 25 c. 
11/ 
are both high. This high population growth potential is 
interpretated as an adaptation to the estua-uine habitate. 
-, COPEPODS, LIMNOCHEMISTRY, BHOPAL, MANSAROVER RESERVOIR 
50. ADHOLIA (UN) and VYAS (A). Correlation between Copepods 
and limnochemistry of Mansarover Reservoir, Bhopal, 
J Environ Biol; 13, 4; Oct, 1992; 281-90. 
The abundance, species diversity, total populations, 
percentage, vertical and horizontal distrib ution of 
Copepods of Mansarover Reservoir Bhopal were studied in 
correlation with limnochemical characteristics from 1990 
May to April 1991 from surface, column and bottom waters. 
Maximum abundance (210 organitions/l) was observed in 
summer indicating physio-chemical parameters very low 
showing larger the number of copepods cleares is the 
water. 
ir^  
- , COREGONID, REARING, CAGE 
51. MA^ !iCARZ (A) and NOWAK (M) . New v e r s i o n of an i l l u m i n a t e d 
cage fo r coregonid r e a r i n g , Acpjaculture; 6 5, 2; 1987, 
Sep, 1; 183-8. 
Desc r ip t i on i s given of a nev; cage for r e a r i n g 
coregonid carvae a s well as of a modified r e a r i n g method 
in which advantage i s taken of t h e p o s i t i v e p h o t o t a x i s 
of t h e l a r v a e in o rde r t o have them ga the red in sur face , 
wa te r l a y e r s . 
-t CRABS, Portunus Pe laq ieus , LARVA, REARING MADRAS, 
ENNORE HATCHERY 
52. RAMAN(K) and SULTANA(M) . Notes on l a r v a l r e a r i n g of t h e 
e d i b l e c rab . Portunus Pe laq ieus L. a t Ennore hatcher? ' 
Madras, Ind ian J F i sh ; 37, 1; 1987, Mar; 128-31. 
R e s u l t s of an experiment on ha tche ry r e a r i n g 
of the b l u e swimming cra^ , Portvinus p e l a q i e u s from 
h e r r y to second i n s t a r s t age , conducted a t t he Ennore 
ha tche ry of t h e CIFR i n s t i t u t e , a r e r e p o r t e d . 
1-i 
- , CYFRINID FISH, LARVAE, DIET, FRESH LIVER POWDER 
53 . C3ENGERI ( l ) and PETITJEAN (M) , F r e s h l $ v e r pov;der: a 
new s t a r t e r d i e t f o r t h e l a r v a e o f a c y p r i n i d f i s h , 
Arriarul fcure? 6 5, 2; 1987, Sep, 1; 189-9 2. 
F r e s h l i v e r s l i c e s were shoc lc - f rozen in l i q u i d 
n i t r o g e n a t 196*0 t h e n powdered in a k i t c h e n mixer a t 
t h e b o l t i n g t e n p e r a t u r e o f t h e l i q u i d n i t r o g e n . The 
powdered l i v e r was g i v e n t o t h e l a r v a e of a c y p r i n i d 
h y b r i d f i s h b i g head x s i l v e r ca rp ) i n open f low 
c o n t a i n e r s a t 26-27%. Dur ing t h e 3 weeks of f e e d i n g / 
g rowth a n d s u r v i v a l o f t h e l a r v a e were c o m p a r a b l e wi th 
t h o s e o f s i b s f ed l i v i n g z o o p l a n k t o n . 
- , D i c a n t r a r c h u s l a b r a x , s p a r u s a u r a t u s / LARVAL GROVTTH, 
DEVELOPMENT ANOMALIES 
54. CHATAIN (B) . Swirrfoladder in'PjCftntrachus l a b r a x and 
Sparus a u r a t u s . I I . In f luence of development anomalies 
on l a r v a l growth, Acpjaculture? 6 5, 2; 1987, Sep, 1; 17 5-81. 
S\i) into ladder development anomalies in sea b a s s and 
g i l t h e a d bream l a r v a e r ea red under i n t e n s i v e c o n d i t i o n s 
l e a d t o the p roduc t ion of p o s t - i a r v a e smal le r in s i z e 
and weight than t h e normal o n e s . The growth delay in l a r v a e 
without a func t iona l swambladder can be observed at t h e 
Uii 
age of 16 days in sea bream and 3 0 days in sea bass. At 
50 days, the end of larval rearing in v*iich swambladder 
did not develop normally have a body 23-33% less than 
normal. They are viable but have low performance, 
-, DISEASE, CHANNEL CATFISH VIRUS, TRANSMISSION, SPERM, 
LEUKOCYTES 
55. NUSBAUM (KE) and GRIZZLE (JM). Adherence of channel 
catfish virus to sperm and Leukocytes, Aquaculture; 
65, 1 ; 1987, Aug, 15; 1-5. 
Although channel catfish virus (CCV) is thought 
to be vertically transmitted, no mechanism has been 
demonstrated for such a process. When contained in small 
volumes of saline, CCV associated rapidly with channel 
catfish leukocytes and sperm, associated, slowly with 
a continuous cell line of channel catfish cells and did 
not adhere to channel catfish eggs. Virus-sperm adherence 
was not detected when sperm were added to 250 ml of CCV -
containing water, indicating that sperm are probably not 
involved with transmitting CCV into eggs from water or 
overain fluid. Egg infections in channel catfish, if they 
occur, must be accomplished by mechanism different from 
those thought to be involved in the infection of salmoned 
eggs by infectious himatopoictic necrosis virus. 
r 4. i 
_ , ECOSYSTEM, e f f e c t o f , FORMALIN 
56, GHOSH (TK) and KQNAR (SK) . E f f e c t s o f f o r m a l i n on a q u a t i c 
e c o s y s t e m . Env i ron &-Eco; 1, 4? 1983, Dec; 273 -6 . 
LC5 and LC9 5 f o r f i s h T j i a p j a , mossambi^^-» p l a n k t o n 
C y c l o p s v i 9 i d l s and worm B r a n c h i e r a s o w e r b y i r angedf rom 
Eo 1 1 5 . 0 0 
7 5 0 o / m g / l i t e r , 11.20 t o 29.50 m g / l i t e r , and 2 .03 t o 3 .38 
m g / l i t e r r e s p e c t i v e l y . F e e d i n g r a t e of f i s h was r e d u c e d 
s i g n i f i c a n t l y when b o t h t h e f i s h and food o r g a n i s m were 
e x p o s e d t o 9 . 7 3 - 7 0 . 0 0 m g / l i t e r o f f o r m a l i n . AH f i s h 
d i e d w i t h i n 32 d a y s a t 70 .00 m g / l i t e r . The growth , 
m a t u r i t y i n d e x and f e c u n d i t y of f i s h were s i g n i f i c a n t l y 
r e d u c e d a t 38 .94 and 4 3 . 7 5 m g / l i t e r . D i s s o l v e d oxygen 
o f wa te r was r e d u c e d even a t 9 . 7 3 m g / l i t e r o f formali'n . 
- , EDUCATION, _as HUMAN RESOURCE DEVELOPf'ENT 
57. DAS (SK) . Aquaculture education as a means for human 
resource development in India, Fjsh Chem; 11, 8; 199 1; 
14-5. 
Aquaculture plays a prime ro le in the national 
economy of India, due to i t s importance in nu t r i t ion , 
ru ra l development, earning foreign exchange and employment 
generat ion. The vas t aqu i t i c resource po ten t ia l of the 
country of fe rs good scope of production of sh el f ish 
through di f ferent aquaculture p r a c t i c e s . The inportance 
of manpower requirement for the sector i s discussed. 
r CL, 
- , E S L S , D I E T , PROTEIN, CARBOHYDRATES, EFFECTS 
58. DEGANI (G) and VIOLA (S) . P ro t e in spar ing e f f ec t of ca rbo-
h y d r a t e s in t h e d i e t of Eels (Anquil la anqu i l l a ) , Acpjaculture; 
64, 1; 1987, Aug; 283-91. 
Effect of p a r t i a l l y r e p l a c i n g p r o t e i n by carbohy-
d r a t e s in ee l d i e t was s t u d i e d . The growth of eel fed 40% 
p r o t e i n and 38% wheat meal was g r e a t e r than t h a t of e e l s 
ped 50% p r o t e i n and 20% wheat meal or 30%. P ro te in and 
56% wheat meal. The body fa t of e e l s fed a high carbohy-
d r a t e d i e t . The food convers ion va lue was lower in e e l s 
fed 40% p r o t e i n than e e l s fed 50% or 30% p r o t e i n . The 
p r o t e i n e f f i c i e n c y r a t i o was lower in e e l s fed a low 
p e r c e n t a g e of p r o t e i n than t h a t of e e l s fed a high pe rcen-
t a g e of p r o t e i n . 
- , Eieutheronema t e t r a d a c t y l u m , OOZING, MANGALORE 
59. MURTHIAH C ( ) . Record of an Oozing Eieutheronema t e t r a -
dactylum (shaw) from Mangalore, Indian J F ish ; 3 2, 2; 
198 5, Jun ; 269-70. 
Oozing female Eieutheronema t e t r a d a c t y l u m (shaw) 
caught in a g i l l net from t h e i n sho re waters of Mangalore 
i s recorded, as mature specimen a re "known only from t h e 
c r e e k s around Bombay. The number of t h e t r a n s p a r e n ova 
ready for l i b e r a t i o n i s e s t ima ted . 
1 w «i 
- , EXOTIC BIGHEAD, A r i s t i c h t h y s n o b l b l s , MIGRATION, INDIA 
6 0 . NATH (AK) and BANERJEE (S) . A r i s t i c h t h y s nob 11 i s ( E x o t i c 
h l g h e a d ) how I t came t o I n d i a , F j s h Qiemr 11, 5; 1991; 
2 0 - 2 . 
A r - i s t l c h t h y s nob 11 IPS o r i g i n a t e d i n l a r g e r i v e r s of 
As ia which flovj in p a c i f i c o c e a n and now f u l l y and s u c c e s s -
f u l l y a c c l i m a t i z e d i n I n d i a . E x p e r i m e n t s c onduc t e d 
r e g a r d i n g induced b r e e d i n g o f t h i s s p e c i e s a r e d e t a i l e d . 
Good f u t u r e o f t h e b l g h e a d c u l t u r e i n d u s t r y i n I n d i a i s 
i n d i c a t e d . 
- , FARMING, SEMI-IITTENSIVE, DE^iONSTRATION, ORISSA, PARADWIP 
6 1. 3EHERA (PC) and VENKATESAN (V). No te on t h e derr tDnstra t ion 
o f s e m i - i n t e n s i v e f a rming a t Pa radwip , O r i s s a s t a t e , 
g i s h QTLjnes;ll, 6; 1991; 3 4 - 6 . 
The d e m o n s t r a t i o n o f s e m i - i n t e n s i v e shr imp f a rming 
c a r r i e d o u t in 2 b r a c k v s w a t e r ponds d u r i n g 16 March t o 
7 J u l y 1991 in p a r a d w i p , O r i s s a , I n d i a . Pond p r e p a r a t i o n , 
s toc l^ lng of ponds , p o s t - s t o c k i n g management and h a r v e s t i n g 
and p r o d u c t i o n a r e d e s c r i b e d . P o t e n t i a l f o r f u r t h e r 
deve lopment i s d i s c u s s e d b r i e f l y . 
u 
- , _ , SHRIMP, BRACKISH WATER, STATUS, ORISSA 
6 2 . mHAPATRA (P) . S t a t u s and s t r a t e g i e s fo r b r a c k i s h wa te r 
sh r imp fa rming in O r i s s a , F i s h Chimes;! 1, 5; 1991; 5 1 - 5 . 
P e n a c i d shr imp c u l t u r e in b r a c k i s h wa te r c o n d i t i o n s 
i s a r e l a t i v e l y new c o n c e p t in I n d i a , ^ue t o f a v o u r a b l e 
c l i m a t e and a v a i l a b l e n a t u r a l c o n d i t i o n s i n t h e s t a t e o f 
O r i s s a , shr imp c u l t u r e h a s d e v e l o p e d t o b e o r g a n i s e d s m a l l -
s c a l e a q u a c u l t u r e a c t i v i t y p r o v i d i n g economic b e n e f i t t o 
a l a r g e number of r u r a l p o o r and c o n t r i b u t i n g n e a r l y 
h a l f of t h e s t a t e ' s e x p o r t o f m a r i n e p r o d u c t s . V a r i o u s 
p r o b l e m s f a c i n g b r a c k i s h wa te r a q u a c u l t u r e development 
a r e examined . 
- , FISH, CULTIVABLE, DEFORMITIES 
6 3 . PILLAI (c Thankappan) and THAMPY (DM). Case of d e f o r m i t i e s 
i n some c u l t i v a b l e f i s h e s , I n d i a n J F i s h : 37, 2; 1990, 
J u n ; 1 7 1 - 3 . 
T h r e e d i f f e r e n t c a s e s o f d e f o r m i t i e s o b s e r v e d i n t h e 
c u l t i v a b l e f r e s h wa te r f i s h e s c a t l a c a r l a, Labeo r o h i t a 
and Labeo t i r n b r i a t e s a r e r e p o r t e d . C a t l a c a t l a was showing 
l o r d o s i s , Labeo r o h i t a s c o l i o s r v s anr! head d e f o r m i t y and 
L . t i m b n a t u s v e r t e b r a l column and mouth d e f o r m i t y . The 
s k e l e t o n of L. roh i t a was no t e j d i i b i t i n g any synopj i s and 
a s such i s a d e v e l o p m e n t a l d e f o r m i t y . The d e f o r m i t i e s 
o b s e r v e d b e l o n g t o t h e c a t e g o r i e s b i o l o g i c a l , d e v e l o p m e n t a l 
and n u t r i t i o n a l . 
1 w i 
- , - , CULTURISTS, RURAL, SOCIO-ECONOMIC CONDITIONS, ASSAM 
64. UPADHAYAYA (SN) and DUTTA (A). Study on socio-economic 
c o n d i t i o n s and f i s h c u l t u r a l p r a c t i c e s of r u r a l f i s h 
c u l t u r i s t s in Assam, Fish Chimes;ll, 6; 1991; 18-20. 
I t was found t h a t most of t he farmers were aware of 
t h e p roduc t ion p o t e n t i a l i t i e s of t h e i r water a r e a s through 
p i s c i c u l t u r e but they had no c l e a r idea on pond p r e p a r a t i o n , 
s t o c k i n g dens i t y , feed and feeding r a t e s and o the r mana-
gement p r a c t i c e s of modern p i s c i c u l t u r e . Technology 
su f fe red due t o inadequate a t t e n t i o n given t o t r a i n i n g , 
ex t ens ion and c r e d i t . However, i n s p i t e t h e circum s t a n c e s 
farmers have a t t a i n e d f i s h y i e l d s a t l e a s t 50% h igher than 
t h a t of average from Assam ponds. 
-,-, DISEASES, ASH CURES, TRIFURA 
65 . DE (KC) . Ash cu res , Fjsh Chimes,ll, 4; 1991; 31-6. 
Experiments conducted rega rd ing t h e c o n t r o l of 
u l c e r a t i v e d i s e a s e syndrome in c u l t u r e d f i s h in T r ipu ra 
s t a t e , I n d i a . F inding with Cianas b a t t r r a c h u s and Indian 
major ca rps showed t h a t ash completely cured d i s e a s e d 
f i s h wi th in 15 days and stopped f u r t h e r spread of d i s e a s e . 
Recommended doses and a p p l i c a t i o n procedure a re g iven . 
4w n 
- , _ , FARM, INTEGRATED, ENERGY STRUCTURE, EFFICIENCY, CHINA 
6 6 , L I ( S i f a ) . Energy s t r u c t u r e and e f f i c i e n c y o f a t y p i c a l 
C h i n e s e i n t e g r a t e d f i s h farm, Acfuacul ture ; 6 5, 2; 19 37, 
Sep, 1; 10 5-18 . 
I n t e g r a t e d f i s h c u l t u r e i s an a n c i e n t p r a c t i c e i n 
China and So\jth E a s t A s i a , T h i s p a p e r d e s c r i b e s t h e 
e n e r g y i n p u t - o u t p u t s t r u c t u r e and i t s e f f i c i e n c y i n 
mar )?e t ab l e f i s h p o n d s . In 1933-84, t h e p h o t o s y n t h e ^ i c 
S o l a r e n e r g y o f t h e growout p o n d s was 1.15% o f t h e t o t a l 
s o l a r r a d i a a t i o n . About 60, 39 and 1% o f t h e ene rgy 
consumed came from s o l a r r a d i c a t i o n , b i o l o g i c a l ene rgy 
r e s p e c t i v e l y . Conpared w i t h 198 2, t h e c o n v e r s i o n e f f i c i -
ency in 1984 i n c r e a s e d by 23,3%, which r e s u l t e d from t h e 
m o d i f i c a t i o n t o an a q u a c u l t u r e , an imal h u s b a n d r y and 
a g r i c u l t u E e complex ecosys t em, and from t h e improvement 
o f t h e a q u a c u l t u r e sys tem by i n c r e a s i n g t h e p r o p o r t i o n 
o f g r a z i n g f i s h and d e c r e a s i n g t h e p r o p o r t i o n o f f i l t e r i n g 
f i s h a s we l l i n c r e a s i n g t h e i n p u t a t f e e d s . 
- , - , FOOD, ORGANISMS, ENERGY DENSITY, FRESHWATER PONDS^ 
TROPICAL 
6 7 . ERFANULLAH, JAFRI (AK) , KHAN (MA), ANWAR (MF) and HASSA17 
(MA) , On t h e ene rgy d e n s i t y o f some f i s h food o r g a n i s m s 
from a t r o p i c a l f r e s h w a t e r pond, J I n l a n d F j s h SQC? 21, 
2; 1989; 1-4. 
Energy d e n s i t y o f some f i s h food o r g a n i s m from a 
Hi 
t r o p i c a l f r e s h wa te r pond h a s b e e n r e p o r t e d . S i g n i f i c a n t 
(P ^ 0 , 0 5) d i f f e r e n c e s were foxond t o o c c u r in t h e c a l o r i e 
c o n t e n t o f d i f f e r e n t groiip o f t h e o r g a n i s m on an a v e r a g e , 
t h e i n v e r t e b r a t e b i o m a s s c o n t a i n e d t h e h i g h e s t c a l o r i e 
c o n t e n t , f o l l o w e d by f o r a g e f i s h s p e c i e s and aqultiv*© 
weeds . The l o w e s t e n e r g y was o b s e r v e d in a l g a e . The 
f e a s i b i l i t y of u s i n g some o f t h e s e a q u a t i c o r g a n i s m s 
a s e n e r g y s u b s t i t u t e s t o e x p e n s i v e feed components i n 
f o r m u l a t e d f i s h r a t i o s h a s b e e n p o i n t e d o u t . 
of 
- / - / incidence/METHYL MERCURY, TAMIL NADU, STANLEY 
RESERVOIR (r-ffiTTUR) 
6 8 . RAJ (Samuel Paul) . I n c i d e n c e of methyl mercury i n f i s h 
from S t a n l e y r e s e r v o i r ( m e t t u r ) Tami lnadu , I n d i a , 
J E n v i r o n Bioly 8, 2; 1987, Apr; 1 5 1 - 5 . 
A n a l y s i s o f t e n commerc ia l f i s h s p e c i e s from t h e 
S t a n l e y r e s e r v o i r f o r t h e i n c i d e n c e of mercury and 
me thy l mercury showed t h a t mercury and methyl ) mercury 
r a n g e d from 0 . 135 t o 0 . 220 and 0 . 0 9 5 t o 0 . 19 5 ppm 
r e s p e c t i v e l y . Much o f t h e mercury was methyl form (95 .0 
t o 9 4 . 4 p e r c e n t ) and i t s p e r c e n t a g e of o c c u r r e n c e v;as 
h i g h ( 8 8 . 5 t o 94 ,4 ) in c a r n i v o r o u s f i s h e s . 
II-, 
- , - , NOBZjCRAY, LIFE CYCLE, EGG DEVELOPMENT 
6 9 . HESSEN (DO), TAUGBOL (T) , FJELD (E) and SKURDAL ( J ) . 
Egg deve lopr ren t and l i f e c y c l e t i m i n g i n t h e n o b b l e 
Cray f i s h , Acmacul ture? 64 , 1; 1987, J u n ; 77 -8 2. 
Egg development t i m e in c r a y f i s h was s t r o n g l y 
i n f l u e n c d d by t e m p e r a t u r e . F i v e b a t c h e s of eggs were 
s u b j e c t e d t o d i f f e r e n t t e m p e r a t u r e r e g i m e s a f t e r 
a p p r o x i m a t e l y 600 d e g r e e days and, by i n c r e a s i n g t h e 
t e r t p e r a t u r e , t h e t o t a l number o f d e g r e e days t o 
h a t c h i n g was r e d u c e d from 1900 t o 1300. T h e r e were 
no s y s t e m a t i c d i f f e r e n c e s i n h a t c h i n g s u c c e s s o r 
j u v e n i l e s u r v i v a l due t o d i f f e r e n t t e m p e r a t u r e t r e a t m e n t s . 
Fema le s m o l t e d and r e m a t u r e d (50-100%) 4 - 8 weel?s a f t e r 
h a t c h i n g . 
- , - , POND, SOILS, e f f e c t s o f LIME 
7 0 . CHATTERJEE (DK) and SAHA (GN) . E f f e c t s o f l i m e on f i s h 
pond s n i l s . J I n l a n d F j s h Spc? 18, 1; 1986; 4 1 - 4 . 
E f f e c t o f c a l c i u m o x i d e , c a l c i u m h y d r o x i d e and 
c a l c i u m c a r b o n a t e a t 3 r a t e s (250, 600 and 1000 k g / h e c 
on e q u i v a l e n t cao b a s i s ) on s l i g h t l y ac idme f i s h pond 
s o i l (pH 6 ,0) in e n h a n c i n g s o i l pH and m i n e r a l i s a t i o n of 
n u t r i e n t s were s t u d i e d . The s o i l r e a c t i o n a v a i l a b l e 
11:^ 
p h o s p h o r u s I n c r e a s e d w i t h t h e 3 forins o f l i m e a c c o r d i n g 
t o t h e enhanced r a t e o f a p p l i c a t i o n wi th c o r r e s p o n d i n g 
d e c r e a s e i n c a r b o n . I d e n t i c a l r e s u l t s were a l s o o b t a i n e d 
i n t h e wa te r q u a l i t y w i t h r e g a r d t o pH t o t a l a i > : a l i n i t y 
and d i s s o l v e d i n o r g a n i c p h o s p h a t e w h i l e t h e maximum 
i n c r e a s e was r e c o r d e d w i t h t h e h i g h e s t r a t e o f each form 
o f c a l c i u m , t h e e f f e c t o f c a l c i u m c a r b o n a t e a p p e a r e d 
s u p e r i o r a s c o n p a r e d t o t h e o t h e r fo rms . 
- , - , PRODUCTION, MANGROVE ECOSYSTEM, PROSPECTS 
71^ PURL. SHAN (KS) . P r o s p e c t s of f i s h p r o d u c t i o n from mangrove 
e c o s y s t e m . F i s h Chim-^s;ll, 3; 1991; 2 4 - 6 . 
The mangrove e c o s y s t e m in f i s h e r i e s p r o v i d e 
e x c e l l e n t n u r s e r y g r o u n d s f o r e x i s t e n c e and s u r v i v a l 
o f e a r l y l a r v a l s t a g e s o f prawn, c r a b s and f i s h of 
b r a c k i s h and m a r i n e w a t e r s . Mangroves o f f e r e x c e l l e n t 
p r o t e c t i o n t o c o a s t a l s t a b i l i t y by p r e v e n t i n g e r o s i o n 
a s wel l a s by accorrpl i s h i n g t h e i r p r i m a r y f u n c t i o n o f 
s u p p l y i n g t i m b e r and f i r ewood fo r human u s e . E f f o r t s 
s h o u l d b e made t o c o n s e r v e t h e mangrove e c o s y s t e m of 
I n d i a f o r more f i s h e r y r e s o u r c e s in c o a s t a l w a t e r s . 
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- , _ , - , MARKETING STRUCTURE, ORISSA 
7 2 . SAHOO (JK) and NAiK (D) . F i s h p r o d u c t i o n and i t s mar}<eting 
s t r u c t u r e in O r i s s a , F j sh Chj^ tog ;^^  1. 5; 199 1; 5 8 - 9 . 
In e x a m i n a t i o n i s made of t h e m a r i n e and i n l a n d 
f i s h e r i e s of t h e s t a t e o f O r i s s a , I n d i a , g i v i n g a l s o an 
o u t l i n e o f t h e s t r u c t u r e o f t h e mar l t e t i ng sys tem i n t h e 
s t a t e . P r i c e of f i s h ; in t h e e x i s t i n g mar"keting framevJor"k 
t h e p r i c e s of f i s h f l u c t u a t e more wide ly t h a n t h o s e 
a g r i c u l t u r e commodi t i e s / t h u s t h e p o l i c y t o f i x minimum 
p r i c e s f o r t h e i n l a n d and mar ine f i s h e r y s e c t o r s i s 
s u g g e s t e d . 
- , - , - , MODULAR SYSTEM, GUPPY? P o e c i l u a r e t i c u l a t a , GROWTH 
REPRODUCTION 
7 3 . MANTKANDAVELU (D) and NEETHISELVAN (N) . Grovrt;h and 
r e p r o d u c t i v e p o t e n t i a l of Guppy P o e c i l J ^ r e t i c u l a t a 
( P e t e r s ) in mDdular sy s t em o f f i s h p r o d u c t i o n , I n d i a n J ^ i s h ; 
37, 4 ; 1990; 3 57 -60 . 
By i n c r e a s i n g t h e g rowth s p a c e a t p e r i o d i c i n t e r v a l s , 
t h e g rowth and r e p r o d u c t i v e p o t e n t i a l o f t h e cotwron 
a q u a r i u m f i s h gupoy h a s been m o n i t o r e d o v e r a p e r i o d of 
84 d a y s . When t h e a n i m a l s h a v e b e e n t r a n s f e r r e d from one 
module w i th l e s s l i v i n g s p a c e t o a n o t h e r w i th l a r g e r space . 
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t h e r e i s s u b s t a n t i a l i n c r e m e n t b o t h in s i z e and 
r e p r o d u c t i v e c a p a c i t y . By h a v i n g such a modular sys t em 
of f i s h p r o d u c t i o n , we can h a v e a c o n t i n u o u s h a r v e s t 
i n s t e a d c o n s t a n t l y g rowing them i n a l a r g e s p a c e t o g e t 
l a rge i^ and more number of a n i m a l s . The sex r a t i o o f 
m a l e s i n t h i s s y s t e m a p p e a r s t o be a round 2: 5. 
- , - , SURVIVAL, SEPRODUCTION, MUTRIATE OF POTASH, IMPACT 
7 4 . KONAR (SK) and SARKAR (SK) . Impact o f m u t r i a t e o f p o t a s h 
on t h e f e e d i n g b e h a v i o u r , s u r v i v a l g rowth and r e p r o d u c t i o n 
of f i s h . Env i ron A Ecol? 1, 4 ; 1983, D>ec; 2 5 9 - 6 1 . 
% i p l i c a t i o n of mir t : r ia te o f p o t a s h a t t h e r a t e of 
20-80 k g / h e c t a r e ^20 r e d u c e d t h e f e e d i n g r a t e , m a t u r i t y 
i n d e x and f e c u n d i t y o f f i s h (P / 0 , 0 5) and t h e r e f o r e 
p o t a s s i u m f e r t i l i z a t i o n in pond shou ld b e a v o i d e d . 
- , - , TILLAPIA, GROWTH, COLOUR DEVELOPMEIW, RED SANDAL, 
INCORPORATION 
7 5 . MATHEW (PT) and GOPAKUMAR (K) . E f f e c t o f i n c o r p o r a t i o n 
o f v e g e t a b l e c o l o u r from r e d s a n d a l ( P t e r o c a r p u s s a n t e l l i n u s ) 
on a c c e p t a b i l i t y , c o l o u r deve lopment and growth of t i l l a p i a 
( T i l i a p i a mossa tnbica) . F i s h T g c h n o l ; 29, 2; 199 2; 124-6 . 
Red c o l o u r from r e d wood i s e x t r a c t e d and when 
i n c o r p o r a t e d in f i s h f e e d i s found t o i n c r e a s e i n 
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a c c e p t a b i l i t y o f t h e f e e d . I t i m p a r t e d a p i n k c o l o u r t o 
t h e vAiole f i s h a s v^ell a s t o t h e f i s h f l e s h . The f l i s h 
f e d w i t h c o l o u r e d f e e d showed i n c r e a s e f e e d i n t a k e and 
g rowth r a t e , 
- , FISHERIES, COLD WATER, TAMILNADU 
7 6 . SREENIVASAN (A) . Cold wa te r f i s h e r i e s c o l d - s h o u l d e r e d i n 
Tami l Nadu, F i s h Chlmgsfl.1, 3; 1991; 5 4 - 5 . 
D i s c u s s i o n i s p r e s e n t e d on t h e p o t e n t i a l o f t h e 
w a t e r o f N i l g i r i , in Tamil Nadu, I n d i a fo r f i s h p r o d u c t i o n . 
T r o u t and c a r p f i s h e r i e s and t h e deve lopment o f f l o a t i n g 
n e t c a g e c u l t u r e a r e c o n s i d e r e d . 
- , - , DEVELOPMENT, BIHAR, OXBOW LAKES 
7 7 . AHMAD (SH) and SINGH (AK) . F i s h e r y deve lopment o f OidDow 
l a k e s ("Mans") o f B i h a r , Fjgh Chimgsil l , 3 ; 1991? 59-62 . 
A d i s c u s s i o n i s p r e s e n t e d on t h e deve lopment o f 
wa te r b o d i e s f o l l o w i n g o n a c c o u n t o f t h e major o:!t>ow l a k e s 
o f B i h a r . For t h e i r maximum u t i l i z a t i o n , a b a s i c u n d e r -
s t a n d i n g of t h e i r e c o l o g y , p r o d u c t i v e p o t e n t i a l i t i e s and 
t h e dynamics o f f i s h e r y r e s o u r c e s a r e r e q u i r e d . Cage 
c u l t u r e and pen c u l t u r e o p e r a t i o n s may b e p r a c t i c e d , i n 
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marginal a r e a s . I t i s concluded t h a t osdaow la]<es have 
g r e a t f i s h e r i e s p o t e n t i a l and t h a t proper development 
may lead t o a l a r g e s c a l e i n c r e a s e in f i s h p roduc t i on . 
",-,-, HARYANA 
78, SHARMA (BM) . F i s h e r i e s development in Ind i a , Fjsh Chimes; 
11, 4 ; 1991; 20 -1 . 
Br ie f examination of the development in Haryana, 
f r e sh water r e sou rce s , a c t i v i t i e s conducted to u t i l i z e 
a l l a v a i l a b l e water r e s o u r c e s and i n c r e a s e f i s h p roduc t ion 
froni t h e s e r e s o u r c e s . F inanc ia l a s s i s t a n c e provided by 
the Department of F i s h e r i e s in o r d e r t o encourage r u r a l 
people t o t a k e up farming and new development schemes a r e 
o u t l i n e d with market ing a s p e c t s . 
_ , - , _ , SRATEGY, EIGHT FIVE YEAR PLAN 
79. ANON. F i s h e r i e s development s t r a t e g y in t h e e igh th f i v e 
yea r p lan , Fjsh Qlmes ; l l , 6; 1991; 4 - 7 , 
D e t a i l s a r e given of v a r i o u s development s t r a t e g i e s 
bo be cons idered by t h e Indian a u t h o r i t i e s in t h e formula-
t i o n of t h e Eighth Five Year Plan r ega rd ing f i s h e r i e s 
development, ^ferine and in land f i s h e r i e s a re examined 
s e ^ ^ r a t e l y ; c r e d i t f a c i l i t i e s and l o a n s a r e d i scussed in 
p a r t i c u l a r . 
Id I 
- , - , - , SUGGESTIONS 
8 0 , CHAUHAN ( D P S ) . P r e s e n t s t a t u s of f i s h e r i e s in I n d i a wi th 
s u g g e s t e d m e a s u r e s fo r deve lopmen t , F j sh Chimes;! 1, 5; 19n i ; 
4 4 - 9 . 
I n d i a h a s v a s t p o t e n t i a l f o r f i s h p r o d u c t i o n from a l l 
s e c t o r s f r e s h wa te r , b r a c k i s h wa te r and m a r i n e . F i s h e r i e s 
i n t h e c o u n t r y h a v e made c o n s i d e r a b l e p r o g r e s s o v e r 
s u c c e s s i v e f i v e y e a r p l a n s i n c e 19 50. However, i t i s 
e s t i m a t e d t h a t o n l y 1/3 of b e i n g c u r r e n t l y h a r v e s t e d o f 
t h e p o t e n t i a l o f 9 m i l l i o n t o n n e s . D e t a i l s o f f i s h p r o d u c -
t i o n , e x p o r t and o t h e r f i s h e r i e s s t a t i s t i c s a r e g i v e n . 
M e a s u r e s a r e s u g g e s t e d f o r improvement o f c u r r e n t s i t u a t i o n . 
- , - , DISEASES, EUS, KERALA, B AN AS UR AS AGAR, 1991 
81 . SA1\^ JEEVAGH0SH (D) . EUS ravages Kerala inland f i she r ies . 
Fish Ghim^s;ll, 9; 1991? 47-9, 
Deta i l s are given of an outbreak of epizootive 
u l ce ra t i ve syndrome which i n i t i a t e d in June 1991 in the 
Banasurasagar Reservoir in Kerala, India and then spread 
to t^e inland fishery resources of the s ta teduring the 
south west monsoon r a i n s . The disease was widely noticed 
in the extensive fresh and brackish water, lakes, lagoons, 
brackwaters and reservo i r s , ra ther then in manageabfle water 
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b o d i e s , c u l t u r e f a rms and p o n d s ; v e r y few c u l t u r e f a rms 
and p o n d s r e p o r t e d t o b e a f f e c t e d by t h i s d i s e a s e . 
- , - , FISH SAUSAGE, incorTX)rated w i t b , POTATO ST/.ECH 
POWDER, STORING, REFRIGERATED TEMPERATURES 
8 2 . HEGDE ( G a n a p a t i ) , CHANERASEKHAR (TC) and DORA (KG). Q u a l i t y 
o f f i s h s a u s a g e i n c o r p o r a t e d wi th p o t a t o s t a r c h powder 
s t o r e d a t r e f r i g e r a t e d t e m p e r a t u r e ( I0 j t 2 ' ' c ) , I n d i a n J ^ i s h ; 
37, 4 ; 1990; 3 2 7 - 3 3 . 
F i s h s a u s a g e was p r e p a r e d from t h e meat o f c r o a k e r 
( J h o n i u s spp) by g r i n d i n g d i f f e r e n t t y p e of a d d i t i v e s 
i n c l u d e p o t a t o s t a r c h powder a t 7% l e v e l and packed i n t o 
K r e h e l o n s y n t h e t v e PVC c a s i n g s e a l e d cooked a t S S ' c f o r 
69 min, c o o l e d and s t o r e d a t r e f r i g e r a t e d t e m p e r a t u r e 
( l O + 2 ° c ) . The r e s u l t s showed t h a t c o n t r o l (cc) and p o t a t o 
s t a r c h s a n p l e s (PSAS) had a s e l f - l i f e of 33 and 30 d a y s 
r e s p e c t i v e l y in an a c c e p t a b l e c o n d i t i o n . 
f, - , FISHERMEN, DEVELOPMENT, SOCIO-ECONOMIC STUDIES 
8 3 , RANA (RS) . S o c i o - e c o n o m i c s t u d i e s i m p e r a t i v e for t h e 
deve lopmen t o f f i s h e r m e n . F i s h Chimea,-ll, 2; 1991; 6 1 - 2 , 
The major o b j e c t o f f i s h e r i e s deve lopment a r e t o 
i n c r e a s e f i s h p r o d u c t i o n , r a i s e n u t r i t i o n a l l e v e l and 
IS 
i m p r o v e s o c i o - e c o n o m i c a s p e c t s o f t h e p e o p l e r e l a t e d t o 
t h e i n d u s t r y , A b r i e f a c c o u n t of c u r r e n t s i t u a t i o n i n 
I n d i a r e g a r d i n g s o c i o - e c o n o m i c s t a t u s o f f i s h e r foll< i s 
g i v e n . 
_ , _ , FISHING SECTOR, FUEL CONSERVATION 
8 4 . PANOTE (K) . Fue l C o n s e r v a t i o n in f i s h i n g s e c t o r : Some 
i n n o r a t i v e t h o u g h t s . F i s h Chimesd l , 4 ; 199 1; 2 4 - 5 , 
A d i s c u s s i o n i s p r e s e n t e d on t h e t o p i c o f f u e l 
c o n s u n p t i o n by f i s h i n g v e s s e l s o p e r a t i n g i n t h e I n d i a n 
m a r i n e f i s h e r i e s . In o r d e r t o r e d u c e t h e ene rgy i n p u t - t o -
y i e l d r a t i o , s a v i n g f u e l and f o r e i g n exchange as we l l a s 
r e d u c i n g f i s h e r m e n ' s o p e r a t i n g c o s t s , i t h a s become 
n e c e s s a r y t o adopt m e a s u r e s t o economize f u e l c o n s u m p t i o n . 
T h e s e l e c t i o n of n e t t i n g m a t e r i a l , d e s i g n of g e a r , s i z e 
o f t r a w l warps , s u r e e p s and s i z e and q u a l i t i e s o f f l o a t s 
s h o u l d be g i v e n p r i m e c o n s i d e r a t i o n . 
_ , - , FRESHWATER, RESOURCES, ANDHRAPRADESH 
8 5 . RAMANA (uv) , RAO (MB) and R EDDY (OR), F r e s h w a t e r f i s h e r i e s 
r e s o u r c e s in A^dhra P r a d e s h , F j s h QTlmes;!! . 4 .1991 ? • * l - 2 . 
The f r e s h wa te r f i s h e r y r e s o u r c e s of And i r a P r a d e s h , 
I n d i a c o n s i d e r i n g r i v e r s , r e s e r v o i r s , l a k e s and t a n k s 
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and swamps a r e d e s c r i b e d . T h e r e i s t h e need f o r s u r v e y s 
o f t h e main r e s e r v o i r s and r i v e r s o f t h e s t a t e i n o r d e r 
t o o b t a i n d a t a which may b e u s e f u l i n i m p l e m e n t a t i o n o f 
deve lopment p l a n s . 
- , - , GHOL AND DARA, GUJARAT 
8 6 . SARVAIYA (RT). Ghol (and) d a r a f i s h e r i e s o f G u j a r a t s t a t e , 
F iSb Chimas;!!/ 2; 1991; 3 3 - 5 . 
D e t a i l s o f t h e gho l ( P r o t o n i b e a d e a c a n t h u s ) and 
d a r a (Polynems in due us) f i s h e r i e s o f G u j a r a t s t a t e i n 
I n d i a , d e s c r i b i n g t h e c r a f t and g e a r u sed , t h e f i s h i n g 
s e a s o n and t h e f i s h i n g a r e a and p r o d u c t i o n , mar 'ke t ing 
and e x p o r t a s p e c t s a r e o u t l i n e d . 
- , - , GUJARAT, OKHA MANDAL, COASTAL 
8 7 . GOPALKRISHNAN ( P ) . O b s e r v a t i o n on C o a s t a l f i s h e r y of Okha 
mandal i n G u j a r a t s t a t e , ^ i s h Techno 1; 29, 2; 199 2; 99-106 , 
The c h a r a c t e r i s t i c s o f c o a s t a l f i s h e r y Okha mandai 
i n G u j a r a t s t a t e a r e d e s c r i b e d . About 24,000 f i s h e r m e n 
p r o d u c e d on a v e r a g e o f 36, 234t o f s e a f o o d eve ry y e a r 
v a l u e d a t Rs 4 4 , 6 c r o r e s . The l a n d i n g c o n s i s t s of 
c r ^ s t a c i a n s (12%) m o l l u s e a n s (2.7%) q u a l i t y f i s h (29.4%) 
a l o n g w i t h o t h e r v a r i e t i e s . The f i s h e r y economy was 
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c o n t r o l l e d by about 2.50 m e r c h a n t s . The m a j o r i t y of f i s h 
f o l k vADrking a s crew and s h o r e l a b o u r (12%) e a r n e d a n n u a l l y 
be tween Rs 0 . 1 2 t o 0 . 2 4 l a k h s in r e s p e c t o f crew and 
Rs 0 , 0 5 t o Rs 0 . 0 3 in c a s e df women and c h i l d r e n do ing s h o r e 
l a b o u r . 
- , - , PIY3RIDIZATI0N, RISK AND POTENTIAL 
8 8 . PADNI (BK) . H y b r i d i z a t i o n in f i s h e r i e s - r i s k and p o t e n t i a l , 
F j s h Cham.esai, 2; 1991; 6 3 - 4 . 
B i o l o g i c a l c h a r a c t e r i s t i c s and growth p e r f o r m a n c e 
o f f i s h h y b r i d s wi th a v iew t o a s s e s s i n g t h e p o s s i b l e r i s k 
an«3 p o t e n t i a l o f t h e i r c u l t u r e ^ s u r v i v a l g rowth , f e r t i l i t y , 
s e x d i s t r i b u t i o n / g e n e t i c c o n s t i t u t e a r e d i s c u s s e d . A l though , 
t h e p o t e n t i a l h y b r i d i z a t i o n a l o n e i n f i s h s t o c k improvement 
i s l i m i t e d b u t o f g e n e t i c a l l y improved, i t may p r o v e 
e c o n o m i c a l l y u s e f u l . 
- , - , INLAKD, BAMoOO BOAT 
8 9 . MITRA (A), MUKHERJEE (CK) and SAHOO (N) . Bamboo b o a t an 
a l t e r n a t i v e c h o i c e t o i n l a n d f i s h e r m e n of I n d i a , F i s h Chimes; 
11, 2; 1991; 2 3 - 4 . 
D e t a i l s a r e g i v e n of t h e d e s i g n o f a f i s h i n g b o a t 
f rom bamboo fo r u s e in t h e i n l a n d f i s h e r i e s o f I n d i a . A 
compute r p rogram was used t o t a k e t h e optimum s a f e t y . 
UJ 
h i g h c a r r y i n g c a p a c i t y ; each c o n s t r u c t i o n w i t h r e q u i r e m e n t 
o f an e x p e n s i v e b o a t b u i l d i n g y a r d ; and low c o n s t r u c t i o n 
C o a s t , The banfcoo b o a t i s s u i t a b l e fo r p r o t e c t e d wate r of 
p o n d s , r e s e r v o i r s and l a k e s , 
_ , _ , MARINE, KERALA, 1987-90 
9 0 , ACHARI (TRT) , Mar ine f i s h e r i e s i n K e r a l a ( 1 9 8 7 - 9 0 ) : A b r i e f 
r e v i e w . F i s h Q u m e s ; l l , 7 ; 1991; 1 0 - 1 , 2 6 - 7 , 
A d i s c u s s i o n i s p r e s e n t e d on t h e p r o d u c t i o n of t h e 
m a r i n e f i s h e r i e s o f K e r i i a , I n d i a d u r i n g t h e p e r i o d 1987-90 . 
F a v o u r a b l e monsoon, l a n d i n g m e c h a n i c a l , b o t t o m t r a l b a n , 
m i g r a t i o n of o f f s h o r e s p e c i e s t o i n s h i r e sea a r e a s and t h e 
u s e o f l a r g e m o t o r i z e d c r a f t c a p a b l e o f g o i n g beyond 
c o n v e n t i o n a l a r e a s a r e f a c t o r s b e l i e v e d t o b e t h e f a c t o r s 
r e s p o n s i b l e f o r t h e i n c r e a s e o f p r o d u c t i o n t h e l a s t 3 y e a r s . 
V a r i o u s p r o b l e m s f a c i n g t h e f i s h e r y s e c t o r o f K e r a l a a r e 
h i g h l i g h t e d . 
- , - , l-iDNSOON, THREADPIN, COCHIN 
9 1 . NAIR (KVS) and JAYAPRAKASH (AA). Note on t h e rrfensoon f i s h e r y 
f o r t h r e a d f i n b r e a m s o f f Cochin, I n d i a n J F i s h ; 33, 1; 1986; 
1 0 6 - 1 2 . 
The t h r e a d f i n b ream f i s h e r y by shr imp t r a w l e r s i s 
14 
s u b j e c t t o g r e a t s e a s o n a l and annua l f l u c t u a t i o n s , t h e 
t o t a l c a t c h , a s we l l a s t h e c a t c h r a t e , b e i n g h i g h e s t 
dxjoring SW monsoon. Ca tch t r e n d s a t v a r i o u s dep th a r e 
n o t e d d u r i n g nonsoon d i s c u s s i n g h y d r o g r a p h i c c o n d i t i o n s . 
- , - , ORISSA 
9 2 , DORA (KC) and CHAND(BK). O r i s s a f i s h e r i e s - an a p p r a i s a l . 
F i s h ChitPi^S;! 1,6; 1991; 5 7 - 8 . 
The a c c o u n t o f t h e v a r i o u s f i s h e r y s e c t o r s i n t h e 
s t a t e o f O r i s s a in I n d i a i s g i v e n d e s c r i b i n g t h e i r r e s o u r c e s 
and p r o b l e m s f a c i n g t h e deve lopmen t o f t h e f i s h e r i e s . 
Measures a r e d e s c r i b e d t o be t a k e n by C e n t r a l , S t a t e and 
n o n - g o v e r n m e n t a l o r g a n i s a t i o n s t o and deve lopmen t a r e 
p r o v i d e d , 
- , - , PELAGIC, DEMERSAL, LANDING, SASSON DOCK, 1971 & l 9 8 1 , 
COMPARISON 
9 3 . PILLAI (SK) . The r e l a t i v e m a g n i t u d e s o f p e l a g u e and 
d e m e r s a l g r o u p s o f f i s h e r i e s i n t h e t o t a l l a n d i n g a t 
S a s s o n Dock in 1971 and 1981 - a compar i son , I n d i a n J F jsh? 
33 , 3 ; 1986; 3 5 9 - 6 1 , 
The c o n t r i b u t i o n o f p e l a g i c f i s h e s t o t h e t o t a l 
l a n d i n g s a t s a s s o o n Dock, Boirbay, I n d i a r e g i s t e r e d a 
d e c l i n e from 31,4% in 1971 and 18 .1% i n 1981, main ly 
141 
due t o t h e f a l l i n Bonbay duck . The c o r r e s p o n d i n g i n c r e a s e 
i n t h e C o n t r i b u t i o n of t h e demersa l f i s h e s was due t o 
i n c r e a s e in t h e c a t c h e s o f p e n a c i d s and o t h e r s p e d i e s . 
The Bombay duck r e s o u r c e s d e c l i n i n g and a t t r a c t e d by t h e 
more prawn f i s h e r y , many d o t - n e t u n i t s a r e c o n v e r t e d i n t o 
t r a w l i n g u n i t s , 
- , - , ROLE OF lOMEN 
9 4 , SULTAN (S) . R o l e o f women i n f i s h e r i e s . F i s h Chimes^11, 4 ; 
1991; 4 3 . 
A b r i e f ( se reamunat ion i s made of t h e r o l e p l a y e d 
by women i n f i s h e r i e s i n r u r a l e n v i r o n m e n t s i n I n d i a , 
A r e a s in vh ich women may b e e n c o u r a g e d t o p a r t i c i p a t e 
i n c l u d e s : c a p t u r e f i s h e r i e s ; t r a n s p o r t a t i o n , p r o c e s s i n g 
and m a r k e t t i n g ; n e t s and g e a r s ; and o r n a m e n t a l f i s h e r i e s . 
T h e r e i s need f o r a p l a n fo r i n d u c t i o n o f women in t h e 
f i s h e r i e s s e c t o r under v a r i o u s a p p r o p r i a t e schemes , 
- , - , TRAWLERS, GILLNETTERS, DUGOUT WITH OBM, GUJARAT 
9 5, CHHAYA (ND) , TAKI (GM) and AMERELIYA (JA) . Economic 
V i a b i l i t y of t r a w l e r s g i l l n e t t e r s and d u g - o u t s w i t h OEM, 
F i s h Chimesq i , 4 . 1991 . 51, 5 3 - 7 . 
A su rvey i s c o n d u c t e d t o d e t e r m i n e t h e economic 
1 4 ^ 
v i a b i l i t y o f t r a w l e r s , g i l l n e t t e r s and dug o u t s wi th o u t -
b o a r d m o t o r s p a r t i c i p a t i n g i n t h e f i s h e r i e s a long t h e 
G u j a r a t c o a s t o f I n d i a , Da ta o b t a i n i n d i c a t e t h a t t h e 
g i l l n e t t e r and t h e dugout a r e f a r more e c o n o m i c a l l y v i a b l e 
t h a t t h e t r a w l e r , vAiich h a s h i g h c o s t s and t o o low n e t 
r e t u r n s , 
_ ^ « , EDIBLE CRABS, CULTURE 
9 6 , I-lANJULATHA (C) and BABU (DE) . F i s h e r y and c u l t u r e o f 
e d i b l e c r a b s . F i s h Chimes-H, 4 ; 1991; 1 0 - 2 . 
Tlie E a s t c o a s t o f I n d i a o f f e r s a r i c h p o t e n t i a l 
f i s h e r y o f e d i b l e c r a b s . In s p i t e o f a g r e a t demand f o r 
e d i b l e c r a b s i n I n d i a and a l s o in o t h e r c o u n t r i e s , t h e 
c u l t u r i n g t e c h n i q u e s f o r a d u l t c r a b s on a l a r g e s c a l e 
a r e l a c k i n g . I n f o r m a t i o n i s p r o v i d e d a s t o t h e h a b i t a t 
and d i e t a r y n e e d s of t h e mud c r a b s . The m o u l t i n g c y c l e 
o f c r a b s i n deve lopment o f c r a b c u l t u r e i n I n d i a i s 
d i s c u s s e d . 
- , - , KALAVA, HOOK AND LINE, COCHIN 
9 7 . MATHEW (Grace) and VENUGOPAL (KM). Hooks and L i n e F i s h e r y 
f o r ' K a i a v a ' a t a t Cochin , I n d i a n J F jsh? 37, 4 ; 1990; 
3 4 7 - 5 5 . 
P r e s e n t p a p e r d e a l s w i th t h e h o o k s and l i n e f i s h e r y 
u 
mainly for 'Kalava*, from theconparatively deeper areas 
Gf 7 5 to 125 m depth on the outer continental shaft of 
Ponnani, Cochine and AHepjey. I t s t a r t s from l a t e 
November or ear ly Decerrber abd cretend to the end of 
March, when the sea i s f a i r ly calm and water c l e a r . This 
f ishery made i t s appearance at Cochin in the early 
e i g h t i e s i . e . in 198 2 when the catch was only 49 tonns 
and the effor t made a t o t a l catch of 8 27-8 tonns in the 
year 1987 with an effort of 2,6*56 f ishing t r i p s . Perches 
or the Kaiava formed 80.8% of the t o t a l hoo>cs and l i n 
f i sh catch, the r e s t being formed by clasmobranchs, funa, 
corypbaena, seer f ish e t c . 
-,-, Penaeus simisuleatus, DISTRIBUTION, TINNEYELLY COAST 
99^ MANISSERI (MK) . On the fishery of Penaeus simisulcatus 
and i t s d i s t r i bu t ion in re la t ion to depth along Tinnevelly 
coast of Southern India, Indian J Fish; 33, 4; 1986; 40 2-12. 
Studies on the to t a l landing indica te tha t off 
Tinnevelly coast the resource of Penaeus simisulgatus, 
the mainstay of the local prawn fishery i s under exploited. 
Breeding and recruitment into the fishery take place round 
the year but breeding i s more intense during July-October, 
From the size d is t r ib i r t ion the juven i l e s appear to prefer 
shallow waters whereas adult prefer deeper areas. The 
Hi 
s p e c i e s itiove t o t h e d e e p e r wa te r f o r b r e e d i n g . The mean 
s i z e of ma les and f e m a l e s i n s h a l l o w wa te r f i s h e r y a r e 
found t o b e 8 9 . 1 and 9 0 . 5 mm r e s p e c t i v e l y . 
_^_ , PRAVVN, GTJLF OF T^ IANNAR, P E R I A T H A L A I COAST 
99* RAJAMANI (M) and MANICKARAjA (M) . O b s e r v a t i o n on t h e 
s e a s o n a l prawn f i s h e r y of t h e P e r i a t h a l a e c o a s t in t h e 
G u l f o f Mannar, I n d i a n J F i s h ; 37, 3 ; 1990, Sep; 183 -8 . 
S e a s o n a l prawn f i s h e r y of P e i j a t h a i a l , a f i s h i n g 
v i l l a g e on t h e S o u t h - E a s t c o a s t of Tamil Nadu, l a s t s f o r 
a p e r i o d of t h r e e t o f o u r months i n a y e a r . The f i s h e r y 
was c o n s t i t u t e d e x c l u s i v e l y by Penaeus i n d i c u s . Dur ing 
t h e t h r e e y e a r p e r i o d from 1985 t o 1987 t h e e s t i m a t e d 
c a t c h o f P i n d i e u s r a n g e d be tween 9 5.9 and 106.7 t o n n e s 
and t h e maximum c a t c h was r e c o r d e d i n t h e month o f J u l y . 
T h e r e was a g r a d u a l d e c r e a s e i n t h e female p o p u l a t i o n . 
Immature f e m a l e s were seldom r e c o r d e d in t h e c a t c h e s . 
- , - , - , TRAWLERS OFF, KERfVI,A, SW COAST 
100. KURUP (SN) . On t h e prawn f i s h e r y by t r a w l e r s o f f Purakad , 
SW Coas t d u r i n g 197 2-76, I n d i a n J F i s h ; 33, 4 ; 1986; 382-9 . 
The t o t a l c a t c h e s i n d i c a t e d t h a t t h e prawn f i s h e r y 
o f f Purakad , K e r a l a , I n d i a was on a s t e a d i l y d e c l i n i n g 
14.) 
t r e n d from 197 2, c recep t 1974, t h e t o t a l ca tch of over 
2000t in 197 2 d e c l i n i n g t o l e s s than 200tn in 1976. 
Q u a n t i t a t i v i t y a l l t h e s p e c i e s were h e a v i l y su f f e r i ng 
t h e d e c l i n e , some da ta of p a r t i c u l a r d e c l i n i n g s p e c i e s 
a r e p rov ided . 
- , - , SHRIMP, CHILKA LAKE 
101. MOHAPATRA (P) . Trends jn the shrimp f i s h e r i e s of t h e 
Chilka Lake, Fish ChJ>-?s;ll, 7; 1991; 49-57, 
Landing s t a t i s t i c s for t h e shrimp f i s h e r i e s of 
Chi lka Lake in Or i s s a , Ind ia a r e provided for t h e p e r i o d 
of 1982-90, A b r i e f account i s given of t h e gear used 
and ^rtpamination made of t h e t r e n d s observed in t h e 
da ta p rov ided . 
- , - , TRAv-^ LERS, PURAKAD, 1972-76 
102. KURUP (N Surendranath) . On t h e F ishery bv t r a w l e r s off 
Purakad, SVv' Coast, dur ing 197 2-76, Indian J Fish? 33, 3; 
1986; 36 2 -5 . 
To ta l c a t c h e s i n d i c a t e d t h a t t h e pra\m f i she ry off 
Purakad was on a s t e a d i l y d e c l i n i n g t r e n d from 197 2, 
except for 1974, t h e t o t a l ca tch of over 2000t in 1972 
d e c l i n i n g t o l e s s than 2001 in 1976. Though q u a n t i t a t i v e l y 
Hr. 
a l l t h e S p e c i e s « e r e h e a v i l y s u f f e r i n g t h e d e c l i n e . With 
t h e r e l a t i v e p r o p o r t i o n s t e e p l y d e c l i n i n g , f r om 29% i n 
7 2 t o 6% i n 7 6 , _P i n d i c u s s e e m s t o b e t h e s p e c i e s t h a t 
u a s m o s t a f f e c t e d ; and M. dob son i , i n c r e a s i n g f rom 52% 
i n 72 t o 72% i n 7 6 , i n l e a s t . 
- , - , DISEASES, ULCERATIVE SYIJDRQME, INVESTIGATION, 
WEST 3EM3AL 
. 0 3 . MA I^DAL (AK) and N.J\NDI ( N C ) . P r e l i m i n a r y i n v e s t i g a t i o r o n 
t h e p o s s i b l e c a u s a t i v e a g e n t o f e p i z o o t i v e u l c e r a t i v e 
s y n d r o m e i n f i s h e s o f West B e n g a l , I n d i a n J F i s h ; 37 , 1; 
1990 , Mar; 6 1 -2 . 
P r e s e n c e a t b a c t e r i a and a f l a g e l l a t e d p r o t o z o a n , 
c o s t i a n e c a t r i x " H e n n e g u y h a s b e e n r e p o r t e d i n a s s o c i -
a t i o n w i t h e p i z o o t i v e u l c e r t a t i v e s y n d r o m e (EUS) i n f i s h e s 
o f West B e n g a l . 
- , FISHES, PELAGIC AND DEMERSAL, L A L T ) I N G , COMPARISON, 
SASOON DOCK, 1 9 7 1 AND 1 9 8 1 . 
10^ . P I L L A I ( S K r i s h n a ) . R e l a t i v e m a g n i t u d e s o f p e l a g u e and 
d e m e r s a l g r o u p s o f f i s h e s i n t h e t o t a l l a n d i n g s a t S a s o o n 
d o c k i n 1 9 7 1 and 1 9 8 1 - a c o m p a r i s o n , I n d i a n J F j s h ; 
3 3 , 3 ; 1986 , S e p ; 3 59 -6 2 . 
C o n t r i b u t i o n o f p e l a g u e f i s h e s t o t h e t o t a l l a n d i n g 
di 
a t Sassoon ^ock, Boiribay, reg is te red a decline from 31.4% 
in 1971 to 18.1% in 1981, mainly due to a f a l l in landings 
of the bonibay duck. The corresponding increase in the 
contr ibut ion of the demers of f ishes was due to increase 
in the catches of Penacids and the species tha t are 
caught in associat ion with them. This i s due to the 
addition of a large number of t r awle r s . Also probably 
finding the Joirbay duck resources declining and a t t r ac ted 
by the more prawn fishery, many dol net un i t s were 
converted into trawling u n i t s . 
-, -, Sardinelia Vaiencinnes, DEVELOPME^ ?^ , STAGES, 
IDENTIFlCifflON 
10 5. BENSAt-1 (P) . Synopsis of the early developmental stages of 
f i shes of the genus Sardinel ia Valenciennes from Indian 
waters with keys for t h e i r i den t i f i ca t ion , Indian J Fish? 
21, 3; 1990, Sep; 227-3 5. 
Present synops'is, a b r ie f resume of relevant 
l i t e r a t u r e published on the early stagesof Sardinelia 
species i s given, along with keys prepared for 
i den t i f i ca t ion of the eggs, larvae and post iarvae, to 
the extent ava i lab le . Some of the subt le characters to 
d i s t inguish the eggs, larvae post larvae of the species 
described are brought out for the i r easy saparation in 
plenkton s tud ies . 
14 v 
_ , _ , NEW METHODS, SLEEPING NETS, KARNATAKA, MANGALORE, 
NETRAVATI GURUPUR ESTUARY 
106, AHMED (S) and SHESHAPFA (DS) . " S l e e p i n g n e t " : A n e w method 
o f f i s h i n g in N e t r a v a t i - Gurupur E s t u a r y o f Mangalore , 
K a r n a t a k a , F j s h Chimes;! 1. 2; 1991; 5 6 - 8 . 
The d e s i g n , c o n s t r u c t i o n and o p e r a t i o n s d e t a i l s of 
a " s l e e p i n g n e t " o p e r a t e d in N e t r a v a t i - Gurupur E s t u r y 
K a r n a t a k a , I n d i a , f o r t h e e x p l o i t a t i o n o f S i i a q p Sihama 
a r e p r o v i d e d . T h i s n e t r e s e m b l e s t h e g i l l n e t f i s h i n g 
e x c e p t f o r t h e way of s e t t i n g t h e n e t in t h e f i s h i n g 
g r o u n d . T h i s t e c h n i q u e s i s d e v e l o p e d a c c o r d i n g t o t h e 
b e h a v i o u r o f b o t t o m d w e l l i n g f i s h . 
- , FRESHWATER GASTROPOD, VIVIPARUS BENGALENSIS, 
HISTOPATHOLOGY, CHANGES due t o PESTICIDES 
107. MULEY (DV) and MANE (UH) . H i s t o p a t h o l o g i c a i c h a n g e s i n 
body p a r t s o f t h e f r e s h wate r g a s t r o p o d , V i v j p a r u s 
b e r O f a i e n s i s due t o p e s t i c i d e s , J E n v i r o n B i p i ; n , 4 ; 
1990, Oc t ; 4 1 3 - 2 5 . 
When V i v i p a r u s b e n g a l en s i s from t h e b a n k s o f 
G o d a v a r i r i v e r a t p a r t h a n were exposed t o t o l i t h i o n and 
l e b a y c i d i n monsoon f o r 96h, corrpared t o c o n t r o l s a l l t h e 
body p a r t s were more a f f e c t e d due t o p e s t i c i d e s . P r o s t r a t e 
g l a n d , albomen g l a n d , c o p s u l e g l a n d , p a i i i a l o v i d u c t and 
14:) 
d i g e s t i v e g l a n d showed more e f f e c t a c e l l u l a r l e v e l due 
t o l e b a y c i d t h a n f o l i t h i o n . Foot a l so showed mere e f f e c t 
which made s h r i n k i n g a p p e a r a n c e . The r e s u l t s a r e d i s c u s s e d 
i n t h e l i g h t of p e s t i c i d s e f f e c t a t c e l l u l a r l e v e l . 
_, _, O Y E S T E R S , MUSSELS, METABOLISM e f f e c t o f COPPER7 
CADMIUM .and MERCURY 
108. MOHAN RAJ (A I s a a l ) and SHAHUL HAMEED ( P ) . E f f e c t o f copper , 
cadmium and mercury on m e t a b o l i s m of t h e f r e s h water 
m u s s e l , J Env i ron B j o l ; 12, 2; 199 1, A p r i ; 1 3 1 - 5 . 
The f r e s h wa te r musse l exposed t o s u b - l e t h a l 
c o n c e n t r a t i o n of copper fo r 30 d a y s showed a d e c r e a s e i n 
body w e i g h t b e i n g more i n f i r s t 10 d a y s . Copper and mercury 
a c c e l e r a t e d t h e r e s p i r a t o r y r a t e , w h i l e cadmium d e p r e s s e d 
i t . A c c e l e r a t i o n o f r e s p i r a t o r y r a t e was h i g h on 10th 
day b u t d e c r e a s e d on 20th and 30 th d a y s and i t was 
p r o ] ^ o r t i o n a l t o c o n c e n t r a t i o n of t h e m e t a l s in t h e 
medium. The s i g n i f i c a n c e o f l o n g t e r m b i o - a s s a y i s 
d i s c u s s e d . 
51) 
- / G r a u t a n a Sepu. AGAR QUALITY, PRO DUCT r / ITY, e f f e c t of 
AERATION PERIOD 
109. GUERIN (JM) and BIRD. E f f e c t s o f a e r a t i o n p e r i o d on t h e 
p r o d u c t i v i t y and aga r q u a l i t y o f G r a c i l a n a j p . A q u a c u l t u r e : 
6 4 , 1; 1987, J u n ; 10 5-10 . 
D a i l y a e r a t i o n p e r i o d s of 4 , 6 , 1 2 and 24h creamin§cl 
f o r t h e i r e f f e c t s on p r o d u c t i v i t y o f a r a c i l a r e a Sp, S t r a i n 
G-16 and on r e s u l t a n t aga r q u a l i t y . There was s i g n i f i c a n t 
e f f e c t s on b i o m a s s p r o d u c t i v i t y , w i t h d e c r e a s e from 22 
2 - 1 
t o 12g m d a t d e c r e a s e from 24h t o 4h o f d a i l y a e r a t i o n , 
r e s p e c t i v e l y . However, t h e r e were no e f f e c t s of d a i l y 
a e r a t i o n p e r i o d on a g a r c o n t e n t , g e l s t r e n g t h , o r g e l l i n g 
and m e l t i n g t e m p e r a t u r e s , s u g g e s t i n g t h a t d a i l y a e r a t i o n 
p e r i o d can b e a d j u s t e d t o p r o v i d e maximum economic r e t u r n 
b a s e d on seawed and a g a r p r o d u c t i v i t y . ^ a n a l y s i s of 
t o t a l r e v e n u e , m a r g i n a l r e v e n u e and a e r a t i o n c o s t s 
i n d i c a t e d t h a t t h e most c o s t - e f f e c t i v e a e r a t i o n p e i i o d 
was l l h / d a y . 
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- , GORGONIDS, SPECIES 
110. THOMAS (PA) and JAQDB (R©ni Mary) . On five species of 
commercially important gorgonids new to Indian seas, 
Indian J Fjsh? 34, 1; 1987, Mar; 20-7. 
Five species of commercially important gorgonids 
in the Indian seas, f a l l i ng under the genera Thesia Duch. 
and Mieh, Echinomuncea v e r n i l l , Echinoaoraea Kolli"ker and 
Heterogorgia v e r r i l l , are recorded. An the species are 
described and i l l u s t r a t e d . 
-,HALBUT, Psettodes crumet, IMDIAN, BIOLOGY 
111, DAS (M) and MISHRA (B) . On the biology of Psettedes 
erumei an Indian ha l ibut , Indian J Fish? 37, 2; 1990, 
Jun; 79-9 2. 
P. erumei i s highly predacious and predominantly 
piscivorous in habit with 83.4 as the index of preponderance 
of f ish food ttferp. Molluscs and arthropods only supplerrent 
t he d ie t to some ex ten t . The in tens i ty of feeding is high 
during January to February and r e l a t i v e l y low during 
july/August t o Decerrfoer, which corresponds to post-breeding 
and breeding period o^ the f i sh . The females are more 
obese. Males and females have an almost homogenous 
I5i 
d i s t r i b u t i o n in t h e p o p u l a t i o n , ^ ' i c a n d i t y v a r i e s a t t h e 
r a t e o f 3, 588 power o f body l e n g t h and 0 , 8 8 3 power of 
o v a r y w e i g h t . 
- , HATCHERIES, CHINESE TYPE, improved d e s i g n of, DUCK 
MOUTH 
112 . LAL ( T 1 . C h i n e s e t y p e h a t c h e r i e s : improved d e s i g n o f duc'k 
mouth. F i s h Chimasjl l , 3 ; 1991; 4 1 - 2 , 
B r i e f a ccoun t o f t h e f u n c t i o n s o f a duck mouth 
i n s t a l l e d in C h i n e s e t y p e o f h a t c h e r i e s i n I n d i a w i th 
i l l u s t r a t i o n and d e s i g n s , improved t e c h n i q u e s a r e 
d e s c r i b e d , 
- / H e t e r o c a r p u s s i b o q a e DE MAN, P l e s i o n i k a V^ll l iamsi 
FOREST, OCCURRAircE, ARABIAN SEA 
113, SU3EELAN (C) , Occurrence of Heterocarpus siboqae de man 
3nd Plesioneka Wiiijamsi forest (Crustacea, Ducapoda, 
Pandalidae) in the Arabian sea, Indian J Fjsh? 37, 4; 
1990; 321-6, 
Occurrence of two species of deep sea prawns, namely 
Carpus 
Hetero/siboqae de man and PlesicPQ^^ williamsi forest in 
t h e Arabian sea i s reported for the f i r s t t ime. The 
material i s described and i l l u s t r a t e d . 
- , H i l s a i l l s h a , FRY, TRANSPORT, TRIALS 
114. DE (DK) and NATH (D) . P re l iminary t r i a l s on t r a n s p o r t of 
fry of H i l sa j l i s h a (Hamilton), Ind ian J Fjsh; 33, 4; 1986; 
481-84. 
A s e r i e s of exper iments on t h e t r a n s p o r t of Hj l sa 
fry were conducted us ing bo th open and c losed system. 
T r a n s p o r t i n g fry in open c o n t a i n e r s without any a r t i f i c i a l 
a e r a t i o n o r oxygenat ion gave b e t t e r r e s u l t s . They were 
t r a n s p o r t e d in f i b e r g l a s s tank, at a d e n s i t y of about 
800 ns.m 200 l i t e r s of water for a du ra t i on of 6h with 
60-7 5% su rv iva l r a t e . 
- , HILSA KELSE, POSTLARVAL STAGES 
115. BENSAM (P) . On two p o s t - l a r v a i s t a g e s of t h e shad Hi lsa 
Kelee, Ind ian J Fjsh? 37, 1; 1987, Mar; 10 5-08. 
Two pos t l a r v a l s t ages of H. Kelee measuring 5.68 
mm and 7,9 2 mm, c o l l e c t e d from Gulf of Mannar off 
Mandapam, a r e de sc r i bed . In t h e smal le r l a rva t h e l a r v a 
f(t,nfold was prominent and t h e r e were 34 p r e a n a i and a 
p o s t a n a l myomeres. In t h e l a r g e r one the f in fo ld was 
alrrost absen t ; a l l t h e f i n s except t h e pel i^e had been 
developed and the re were 27 p reana i and 16 pos tana l 
myomeres.Pigmentation in both t h e s t ages were spa r se . 
The d i f f e r e n c e s i n f e a t u r e between p r e s e n t pos t l a rvae and 
s i m i l a r s t a g e s of a l l i e d c lupe id from Indian region are 
d i s c u s s e d . 
1^) r, ,'i 
- , HILSA, Tenvo losa 11 i s h a , AGE, GROViTH, LENIH-Vy-EIGHT, 
RELATION, HODGHLY ESTUARY 
116. DE (DK) and DATTA (CN) . Age, g rowth , l e n g t h - w e i g h t - r e l a t i o n -
s h i p and r e l a t i v e conc i l t i on in h i l s a , Tenuo losa i l j s h a from 
t h e Hooghly es tua j^ i j i e s y s t e m s , I n d i a n J Fjsh? 37, 3; 1990, 
^ e p ; 199-209 . 
Age and grov-ith o f I n d i a n shad, T e n u a l o s a i l i s h a 
cornn>only knovm a s h i l s a , o f t h e Fres 'h w a t e r zone of 
Hoogly e s t u a r y were s t u d i e d by u s i n g t h e l e n g t h - f r e q u e n c y 
method . The a v e r a g e s i z e s a t t a i n e d by h i l s a were found t o -
b e 1 6 . ^ , 2 7 . 7 , 3 5 . 1 , 4 1 . 3 , 4 6 . 6 and 5 1 . 1 cm a t e.nd of 
1 t o 6 y e a r s r e s p e c t i v e l y . T h e r e i s s i g n i f i c a n t d i f f e r e n c e 
w i th r e g a r d t o r e g r e s s i o n c o e f f i c i e n t s be tween t h e s e r i e s 
and t h e r e f o r e s e p a r a t e e q u a t i o n s \<iere o b t a i n e d f o r ma le . 
-,-^—, PROPAGATION, ARTIFICIAL 
117, SEN (PR), DE (DK) and NATH (D) . E x p e r i m e n t s on a r t i f i c i a l 
p r o p a g a t i o n o f H i i s a , T e n u a l o s a 11 i s h a , I n d i a n J Fjsh? 
37, 2; 1990, J u n ; 159-6 2. 
Note p r e s e n t s t h e r e s u l t s o f s u c c e s s f u l r e a r i n g 
o f h i l s a a l a r v a e under c a p i v i t y for four mon ths . 
• ' A r t i f i c i a l p r o p a g a t i o n o f h i l s a was t r i e d by many 
w o r k e r s b u t none s u c c e e d e d b u t M a l h o t r a s u c c e s s f u l l y 
1: ) J 
b r e d t h e f i s h by s t r i p p i n g t h e f r e s h - w a t e r s t o c k s of 
h i l s a a v a i l a b l e from Genga a t S i r s a . They a l s o r e a r e d 
t h e h a t c h l i n g fo r a l o n g e r p e r i o d . P a n i c k e r e t a l (1982) 
a c h i e v e d l i m i t e d s u c c e s s in t h e d i r e c t i o n of p r o p a g a t i n g 
h i i S ' i n v a i i a b s a g a r r e s e r v o i r a t G u j a r a t . 
- , -Johnjus C a r c u t t a , GROl^ TTH, YIELD, TRAWLING KAKINADA 
118. MURTY (VS) . Grovrt:h and y i e l d r e c r u i t o f J o h n i u s ( J o h n i u s ) 
Ggrcot t -a Bioch in t h e t r a w l i n g grouilids o f f Kakinada , 
I n d i a n J F ish? 33, 2; 1986/ 16 3 -70 . 
The growth o f JohnM* c a r c u t t a can be d e s c r i b e d by 
t h e Von B e r t a l a n f f y g rowth f o r m u l a , w i t h p a r a m e t e r v a l u e s 
L50 3 3 3 . 3 mm; K = 0 . 4 4 p e r y e a r and t o = 0 .000 2 y e a r . The 
r a t e s o f m o r t a l i t y a r e e s t i m a t e d a t Z = 5 .07, M = 1,0 
and F = 4 . 0 7 , The y i e l d can b e i n c r e a s e d by i n c r e a s i n g 
t h e c o d - e n d mesh s i z e o f t h e t r a w l E c e t s . 
_ , JUVENILE RAINBOW TROUT, HALF-SUB FAMILIES, DIPLOID 
AND TETRAPLOID SIRES, SURVIVAL A^® GROWTH 
119. BLANC (JM) , CHDURROUT (D) and KRIEG (F) . E v a l u a t i o n o f 
J u J ^ e n i l e Vainbow t r o u t s u r v i v a l and g rowth in h a l f - s i b 
f a m i l i e s from d i p l o i d and t e t r a p i o i d s i r e s , A g u a c u l t u r e ; 
6 5, 3 / 4 ; 1987, Sep, 15; 215-20 . 
F i v e d e p l o i d and e i g h t f i r s t g e n e r a t i o n t e t r a p i o i d 
15S 
males were mated with a pool of c3iploid females, with 
and without r e t e n t i o n of t h e second polarbody by heat 
shocl^, and the p r o g e n i e s were s tudiSd up t o t h e s i x 
months a f t e r matching. Apart from t h e poor f e r t i l i z i n g 
c a p a c i t y of t h e t e t r a p l o i d s i r e s inducing lov? ha tch ing 
r a t e s , f u r t h e r s u r v i v a l and growth of t h e second-
g e n e r a t i o n t i p l o i d s were s i m i l a r l y t o t h o s e of t h e 
t r i p l o i d ob ta ined from d i p l o i d s i r e s and hea t shoCk. 
Second gene ra t i on t e t r a p l o i d o b t a i n e d from d i p l o i d 
s i r e s and hea t shock. Second gene ra t i on t e t r a p l o i d 
o b t a i n e d from t e t r a p l o i d s i r e s and hea t shock was 
i n f e r i o r to t h e o t h e r p lo idy type in su rv iva l and 
growth. Thus g e n e t i c improvement would b e p o s s i b l e . 
- , Labeo .ggnius, GRO V/Tri, AGE, UTTARPRADESH, KALI RIVER 
120. CHATTERJI (A). Age and growth of Labeo qonius Ccyprinidae) 
in K a l i River , Ut ta r Pradesh, Ind ia , Asian Fjsh Sci ; 
5, 2; 199 2; 2 57-60, 
S t u d i e s on t h e age and growth of Labeo qoniua 
c o l l e c t e d from t h e River Kal i , U t t a r Pradesh, India 
were made. A s t r a i g h t l i n e r e l a t i o n s h i p was observed 
between t h e s c a l e and body l e n g t h . Some o b s e r v a t i o n s 
a r e observed and p r e s e n t e d . 
';,! 
-,—, SPAWN, REARIf.K3, NURSERY 
121. SAHA (M) . High Density rearing of Labeo rohi ta spavm in 
nursery under normal conditions/ Fish Qii.agsAl, 9; 1991; 
4 5-6. 
High surv iva l i ty of rohi (Labeo roh i t a l spawn 
ranging froin 64.7 2% - 9 3/7 5% stocked at high density of 
1 crore to 1.125 crores nos per ha, reared in nursery 
ponds in Andhra Pradesh, India i s reported. The success 
indicated p o s s i b i l i t y of adopting the technique on 
mass scale to meet the demand in future . 
-., LA!>ffiLLIBRANCHS, GILLS, e f f e c t o f , PESTICIDES, 
FRESHWATER 
122. MANS (UH) and AKARTE (SR) . Effects of pes t i c ides on the 
g i l l c i l l i a r y a c t i v i t y of th ree freshwater lamell ib ranch s, 
J Environ Bio? 9, 3; 198 3, J u l ; 239-47. 
Effect of two organophosphate pes t i c ides on the 
i so la ted g i l l c i l i a r y a c t i v i t y of Indbnai Cperuleus. 
Lamellidens, marginal i s and L. Cprrianus in different 
seasons revealed that , due to these insec t i c ides in 
both the groups of J . Cucruleus the g i l l c i l i a r y ac t iv i ty 
i t decreased in winter Compared to monsoon andsurtiner. In 
L. cornanus t h i s ac t i v i t y in both the groups decreased 
V-) . 
more in w i n t e r f o l l o w e d by monsoon and summer w h e r e a s in 
L, m a r g i n a l i s i t i s d e c r e a s e d i n w i n t e r and monSoon t h a n 
summer. 
-^ L e o i d r W o h a l u s a u n t e a . ABERRATIONS, TERATOLOGICAL, 
BUTROPHIC VJATER 
123 . DHANZE (JR) and DHANZE (Rani) . Some t e t r a t o l o g i c a l 
a b e r r a t i o n s i n LepidcPcphajus q u n t a e from E u t r o p h i c 
w a t e r , J Env i ron Bjoi? 11, 4 ; 1990, O c t ; 399-40 3 . 
An abnormal spec imen of L e p i d o c i p h a l u s q u n t e a was r e c o r d e d 
from an e u t r o p h i c wa te r d u t c h in sundawala t'Khud' a l o n g -
w i t h some dead f i s h e s . The b i o m e t r i c compar i son o f 
m o r p h o m e t r l c d a t a r e v e a l s t h a t t h e abnormal spec imen 
under t h e i n f l u e n c e o f some p h y s i c o - c h e m i c a l s t r e s s , 
d i f f e r s from p o p u l a t i o n o f 20 f i s h o f t h e same S p e c i e s 
i n r e s p e c t of 17 c h a r a c t e r s o u t of 24 c h a r a c t e r s a n a l y s e d . 
- , L IMNOLOGICAL, CH^\RACTERS, IDDUKKI RESERVOIR 
' 2 4 . KHAiRi (TC) . Note on t h e L i m n o l o g i c a i c h a r a c t e r s o f t h e 
I d u k k i r e s e r v o i r I n d i a n J F j s h ; 32, 2; 1985, J u n ; 2 6 7 - 9 . 
G r o s s p r i m a r y p r o d u c t i o n a s i n d i c a t e d by C h l o r o -
p h y l i a v a l u e s was p r a c t i c a l l y n i l in a r e s e r v o i r ; so a l s o 
was p h o s p h a t e . S t a n d i n g c r o p o f p h y t o p l a n k t o n was poor 
b e c a u s e of low c o n c e n t r a t i o n o f s i l i c a t e , t hough t e m p e r a -
t u r e , f r e e c a r b o n d i o x i d e and t r a n s p a r e n c y were f a v o u r a b l e . 
K).i 
- , LOBESTER, SPINY, P a n i u l i r u s hoiTt,rus, PSEUDOHER 
MAPHRODITION, KOVALAM, MADRAS 
12 5. RADHAKRISHNAN (EV) and SHAHUL HAMEED (K) . I n c i d e n c e of 
p s e u d o h e r maphrodJ. t ism in t h e s p i n y l o b s t e r P a n i u l i r u s 
ho mar us L, I n d i a n J F j s h : 37, 2; 1990, J u n ; 169-70 . 
Spacimen of t h e s p i n y l o b s t e r , P a n u l i r s homarus 
r a n g i n g i n s i z e from 2 2 , 3 - 9 7 . 5 mrri c a r a p a c e l e n g t h 
( 6 7 - 2 4 ^ mm t o t a l l e n g t h ) w i th w e l l d e v e l o p e d male g e n i t a l 
sy s t em, b u t wi th b i r g m o u s p l e o p o d s ( i n females ) were 
r e c o r d e d in 1987 and 1989 from trammel n e t c a t c h e s o f f 
kovalarn n e a r Madras . The p r o b a b l e f a c t o r s r e s p o n s i b l e 
f o r t h i s s e x u a l a b n o r m a l i t y h a v e b e e n d i s c u s s e d . 
- , MAGRQBRACHIUM EQUIDENS, TAXONOMY, LARVA, BREEDING 
126. PILLAI (NN) . O b s e r v a t i ' n on t h e b r e e d i n g , l a r v a l d e v e l o p -
ment and ta^oonomic s t a t u s o f Macrobrachium e o u i d e n s , 
I n d i a n J F i s h ; 37, 2; 1990, J u n ; 1 5 1 - 5 3 . 
Macrbrachium e g u i d e n s c o l l e c t e d from Cochin Back 
w a t e r s (Kera la ) i s r e p r e s e n t e d by two forms, s t r i p e d and 
n o n - s t r i p e d s e p a r a t e s t u d i e s c a r r i e d o u t on t h e b r e e d i n g 
and l a r v a l deve lopment of t h d s e two forms i n d i c a t e d t h a t 
no i n t e r - b r e e d i n g be tween them t a k e n i a c e . F u r t h e r 
d i s t i n c t i d o u r p a t t e r n c h a r a c t e r i s t i c of zhese forms 
became d i s c e r n i t e a s t h e p o s t - l a r v a e gpew t o a s i z e a l s o 
2 5 mm 
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- , M^SHEER, BREEDn«3 AND FEEDING HABITS 
127. KULKARNi (cv) . Masheer, the r igh t ly game f ish of India, 
Fish Chimes;! 1. 3; 199 1; 43-9. 
A deta i led account i s given of the masheer resources 
of India, which comprises 6 dif ferent species. Current 
data ind ica te tha t these species are declining very rapidly. 
The main causes of depletion are the destruct ion of broad 
f ish and juveniles and the de te r io ra t ing ecological 
condit ions of t he i r spat t ing and rear ing grounds. 
Breeding and feeding hab i t s out l ined and measures to 
conserve the masheer of India are described. 
- / - / T o r t o r , FOOD, FEEDING HABITS 
128. DASGUPTA (M) . Study on the food and feeding hab i t s of the 
masheer Tortor (Hamilton), Indian J Fish; 37, 4; 1990; 
297-304. 
Food and feeding hab i t s of the masheer Tprtor, 
(Hamilton) has been studied. The species was found to be 
an omnivoiir as evident from gut content ana lys is . I t can 
be considered as voracious feeder subsis t ing mainly on 
algae and vegetable matter. The feeding hab i t in tens i ty 
increased with the increasing length of the f i sh . The 
food habi t of the fish changed from carni-omnivorous to 
l i ) ^ 
h e r b i - o m n i v o r o u s which i s a l s o e v i d e n t from t h e R.L.G. 
v a l u e i n c r e a s i n g w i t h t h e l e n g t h o f t h e f i s h . 
- , MARINE, ANIMALS, PELGIC, CULTURE SYSTEM, LOW 
MAINTENANCE 
129. BROV.'NELL (CL) and HORSTMAN (DA) . Tvo- low m a i n t e n a n c e 
c u l t u r e s y s t e m f o r smal l >)el(jiC' r aa r ine a n i m a l s , A g u a c u l t u r e ; 
6 5, 3 / 4 ; 1987, Sep, 15; 3 7 5 - 8 3 . 
Two t a n k s were d e s c r i b e d . The f i r s t t a n k i s a 
s a n g l e b a s s , f low t h r o u g h v e r s i o n o f t h e wel l -known f a l s e -
b o t t o m s y s t e m . The second t a n k , c a l l e d a " h o i s t - t r a n s f e r 
t a n k " , h a s a smooth b o t t o m s l o p i n g t o a c e n t r a l d r a i n . 
B e f o r e micro f auna o r t h e w a l l s o r b o t t o m o f a c u l t u r e 
t a n k b e g i n s t o i n h i b i t r e p r o d u c t i o n and growth of t h e 
o r g a n i s m b e e n c u l t u r e d , t h e t a n k vo lume i s t r a n s f e r r e d 
t o a s i m i l a r c l e a n t a n k . Both t a n k t y p e r e c e i v e a t w i c e 
d a i l y s u s p e n s i o n o f p h y t o p i a n k t o n food . 
- , - , CULTURE PONDS, CONSTRUCTION, MAINTENANCE, ENGINEERING 
PROBLEM MANDAPAM, TAMIL NADU 
130. BENSAM (P) . Some e n g i n e e r i n g p r o b l e m s on t h e c o n s t r u c t i o n 
and m a i n t e n a n c e of m a r i n e c u l t u r e p o n d s a t Mandapam, Tamil 
Nadu, I n d i a n J F i s h ; 3 2, 4 ; 198 5; 4 1 7 - 3 0 . 
A major p r o b l e m c o n c e r n i n g t h e c o n s t r u c t i o n and 
1!. 
m a i n t e n a n c e of mar ine c u l t u r e p o n d s a t Mandapam, Tamil 
Nadu, I n d i a h a s b e e n d i s c u s s e d . D i k e s a r e s u b j e c t t o 
e a s y aroteion and damage b e c a u s e of J • • • -onsns iveness and 
p o r o s i t y o f e a r t h , when c h i e f l y c o n s i s t s o f sand, 
f r a g m e n t s o f c o r a l s and mDlluscan s h e l l s . C r e s t and 
s l o p e s o f dukes a r e l i a b l e t o b e washed o f f e a r l y i n 
r a i n s . To p r o t e c t d i k e b a s e s and t o m a i n t a i n t h e i r 
s l o p e s t u r f i n g i s foxind t o be most e f f e c t i v e and 
l o n g l a s t i n g and o t h e r r e m e d i e s a r e e x p l a i n e d . 
- , - , FLORA A^T) FAUNA, B10ACCUMULATION, TRACE METALS, 
i^ ARWAR.^  CAUSTIC SoDA PLANT 
1 3 1 . KRISHNA KUMAR (?K) , PILLAI (VK) and VALSALA (KK) . B r o a c c -
u m u l a t i o n of t r a c e m e t a l s by mar ine f l o r a and f auna n e a r 
a c a u s t i c soda p l a n t (Karwar, I n d i a ) , I n d i a n J Fjsh? 37, 
2; 1990, J u n ; 129-37 . 
C o n c e n t r a t i o n a t Cd, Pb, Cu, Zn and Mn in f i s h e s , s h e l l 
f i s h e s and seaweeds n e a r a c a u s t i c soda p l a n t h a s b e e n 
meas i i red , T r a c e m e t a l c o n c e n t r a t i o n i n t h e O y s t e r and 
seaweeds c o l l e c t e d from t h e v i c i n i t y o f d i s c h a r g e p o i n t 
were found t o b e c o m p a r a t i v e l y h i g h . I t i s found t h a t 
o y s t e r s a r e more e f f e c t i v e b i o a c c u m u l a t o r f o r Zn, Cu and Cd 
w h i l e m u s s e l s and seaweeds f o r Pb and Mn, The k i d n e y was 
found t o b e major s i t e a t t r a c e me ta l a c c u m u l a t i o n f o l l o w e d 
by d i g e s t i v e glanc3 from b o t h t h e s i t e s . 
l ! ) J 
-f-,-, EXBO RT, DE VELO PMENT 
132. SHAH ( K C ) . A c t i o n p l a n t o b o o s t e x p o r t of I n d i a n m a r i n e 
p r o d u c t s . F i s h Q u m e s ; ! ! , 4 ; 1991; 1 4 - 5 . 
The need f o r deve lopment in t h e s h r i n p f a r m i n g 
i n d u s t r y i n I n d i a a s a means of i n c r e a s i n g p r o d u c t i o n and 
e x p o r t of shr imp in t h e c o u n t r y i s d i s c u s s e d . D e t a i l s of 
t h e s t e p s t a k e n t o i n c r e a s e shr imp p r o d u c t i o n and s t e p up 
e x p o r t o f s h r i n p s a r e g i v e n . 
- , - , - , - , F O R C A S T I K G . A N A L Y S I S 
1 3 3 . SRINATH (M) and DATTA (Kamal Kumar) . F o r c a s t i n g m a r i n e 
p r o d u c t s e x p o r t s - t i m e - s e r i e s a n a l y s i s , I n d i a n J ^Ishl 
3 2, 2; 198 5, J u n ; 2 6 4 - 7 . 
T e c h n i q u e u s i n g B o x - J e n k i n s model , b a s e d on monthly 
t i m e s e r i e s , i s p r o p o s e d fo r f o r c a s t i n g t h e e x p o r t s o f 
m a r i n e p r o d u c t s from I n d i a . By d e m D n s t r a t i n g i t s a p p l i c a -
t i o n in a sample c a s e , t h e t e c h n i q u e h a s b e e n shown t o 
p r o v e i t s e f f e c t i v e n e s s t o a r r i v e a t p r e d i c t i o n s c l o s e 
t o a c t u a l s . 
y 
- , Metapenaeus d o b s o n i , GROVTOi, PONDS, CALICUT BEACH 
134. LAZARUS (S) and NANDAKUMARAN (K) . O b s e r v a t i o n on t h e growth 
o f Me tapenaeus d o b s o n l (Mlers) i n t h e p o l y t h y l e n e f i l m -
l i n e d p o n d s a t C a l i c u t b e a c h , I n d i a n J F j s h ; 37, 1; 1990, 
Mar; 3 1 - 6 . 
Growth o f Metapenaeus d e b s o n i i n t h e p o l y e t h y l e n e 
f i l m . L i n e d ponds i s s t u d i e d and grovrt;h pa r -ne te r s e s t i m a t e d . 
In t h e f i r s t two r r^n ths t h e p rawns a t t a i n e d a s i z e o f abou t 
64 mm and i n t h e n e x t f i v e months i t added o n l y 14 mm t o 
i t s s i z e , r e a c h i n g a s i z e o f 78 mm by seven months . 
- , MICRO ALGAE, RATE, GRO^WH, CULTURE MEDIA 
135. GOPINATH (CP) ^ D i f f e r e n t i a l g rowth r a t e s o f m i c r o - a l g a e 
i n v a r i o u s c u l t u r e media, I n d i a n J ^ ' i sh ; 33 , 4 ; 1986, 
Dec; 4 5 0 - 5 . 
Growth and m u l t i p l i c a t i o n o f t h r e e a l g a e , b e l o n g i n g 
t o t h r e e d i f f e r e n t a l g a l c l a s s e s , was s t u d i e s i n t h e l a b o r a -
t o r y , u s i n g four c u l t u r e med ia . The a l g a e y i e l d i n g d i f f e r e n t 
d i f f e r e n t i a l g rowth r a t e s i n t h e media,, f h e e x p e r i m e n t 
P'fo'ved t h a t no a v a i l a b l e c u l t u r e medium i s u n i f o r m i t y 
e f f e c t i v e i n a l l c a s e s , u n l e s s s u p p l e m e n t e d wi th e i t h e r 
t r a c e e l e m e n t s o r v i t a m i n s , a c c o r d i n g t o s p e c i f i c 
r e q u i r e m e n t of a l l a l g a e . 
1 ( > 
-^ MILK FISH, ChanoS C h a n o s , FRY, PINHEADS, OCCUI^NCE _. 
136. THAr-iPY (DM) and PILLAI (CT) . Occurrance of p in heads ir^  
t h e fry of t h e milk f i s h , Chanos chanos. Fish Chimes;! 1# 3; 
1991; 27. 
A b r i e f account i s given of the occxirrence of p in 
heads in c u l t u r e d mi lk f i sh (Chanos Chanos) fry froni 
Puduveyppu, Chochin, Ind ia .The c l i n i c a l s i g n s of t h i s 
d i s e a s e a re imbalance in swimming, l y i n g on i t s s ide , 
i s o l a t i o n , anorexia , cachexia and weakness; i t i s be l i eved 
t h a t water p o l l u t i o n may be t h e cause of t h i s syndrome. 
- , MULLETS, CATCHES, GILLET, i n f l uence of TIDE, LUNAR, 
KARKATAKA, MANGALORE, ESTUARY 
137. AHMED (S) and SHESHAPPA (DS) . P re l imina ry o b s e r v a t i o n 
i n t h e luna r and t i d a l i n f luences on t h e ca t ches of 
m u l l e t s (family Mugi I laaae) by g u l l e t in the e s tua ry 
of Mangalore, Kernataka, F ish Techno 1? 29, 2; 199 2; 9 5-8, 
The paper d e a l s with the lunar and t i d a l i n f l u e n c e s 
on the ca tches of m u l l e t s (family Mugil l idae) by g i l l n e t s 
in t h e e s t u a r i n e s waters of Mang&tore, Karnataka, I nd i a . 
The l and ing dur ing full-moon and new nvoon phases and 
dur ing d i f f e r e n t q u a r t e r s of l una r month for a pe r iod 
of October 1990 t o •^pril 1991 a r e d i s cus sed . 
-, MURREL, INDIAN, Channa Punetatus, THERMAL, TOLERANCE 
SELECTION 
138. JAIN (SK) and GARG (SK). Thermal tolerance and thermal selection 
behaviour of the Indian Murrel Channa punetatus, Environ A Eco; 
1,4; Dec; 2 07 214. 
Fish Chana punetatus was able to tolerate wide range of 
temperatures. The minimal (8.2c) and maximal (39,2c) lithal 
temperatures. Values obtained during summer are higher than 
winter. Fish acelimated to different temperatures (12,16.5,23 
and 30c) had Min-LT at 4,5,8.5 and 8.5c and Max-LT at 35,3 7.5, 
39.5 and 40c respectively. Thermal selection behaviour was 
studied in thermal gradient of 15 to 35c. Final scheduled temp, 
for the murrel during winter and summer ranged between 28 to 
31.8c and 27 to 32.3c, respectively. 
-,-, GMELIN, MANTLE, FOOT, GILL, CARBOHYDRATE, METABOLISM, 
effect of, MERCURIC CHLORIDE 
139. REDDY (T Ravinder), KUMAR (N Vijaya) and CHARI (N). Effect of 
mercurie Chloride on carbohydrate metabolism of mantle, foot 
and ifill of a fresh water mussel, Gmelin, J Environ Biol; 7,4; 
1986, Oct; 225-9. 
Impact of sublethal concentrations of mercury J 0.5 mm) 
on the carbohydrate metabolism of foot, mantle and gill of a 
fresh water mussel, Parreysta rugosa (Gmelin) were studied. 
The changes in the level of glycogen, pyravate and lactate, 
the inhibition of dehydrogenase activities indicate a decrease 
in energy supply metabolism through oxidative pathways. 
-, NILE TILAPIA, GROWTH AND SURVIVAL, influence of FEEDING 
RATE, DIET FORM. 
.40. SANTIAGO (CB), AIDABA (MB) and REYES (OS). Influence of 
feeding rate and diet form on growth and survival of Nile 
Tilapia, Aquaculture; 64, 1; 1987, Aug; 277-82. 
Young Nile tilapia were stocked a density of 5 fish/l 
in twelve 50-1 aquaria filled v.ith 301 at top water. They 
were fed pillet crimbles containing 35% and protein at 
various daily feeding rates. Mean increase in body weight 
16? 
a f t e r 5 weeks 63, 198, 232 and 228 mg for the 15, 30, 
4 5 and 60% feeding r a t e s ranged t empera tu re from 19 to 
21°c. The feeding t r i a l s were conducted t o compare t h e 
growth and s u r v i v a l of fry fed p e l l e t crurtibles and an 
u p e l l e t e d form at t he same d i e t . Resu l t showed t h a t feed 
convers ions were s im i l a r for both forms at d i e t . However, 
t h e su rv iva l r a t e of fry fed p e l l e t was h igher than the 
s u r v i v a l r a t e of fry fed the u n p e l l e t e d d i e t . 
_, OIL SARDINE, s a r d i n e l l a l o n i c i p s , SAV.'NING SEASON, 
VIZHINJAM 
1 4 1 . LAZARV3 (S) . On t h e spawning season and e a r l y l i f e h i s t o r y 
of out sa rd ine S a r d i n e l l a l onq iceps a t Vizhinjam, Indian J 
Fish ; 3 2, 2; 198 5, Jun; 236-4 5. 
Spawning and spent r ecover ing o i l s a r d i n e s S a r d i n e l l a 
l o n q i c e o s unusual ly accurred in May 1976 a t Vizhinjam, fa r 
south of the l i m i t of t h e t r a d i t i o n a l f i she ry for t h e 
s p e c i e s . I t v;as "'Iso p o s s i b l e t o c o l l e c t t h e egg, though 
a s i n g l e , one from t h e same l o c a l i t y co inc id ing with t h i s 
o c c u r r e n c e . I l l u s t r a t e d d e s c r i p t i o n of some important 
s t a g e s o£ e a r l y l i f e h i s t o r y based on t h e c o l l e c t i o n a r e 
q iv en. 
IM 
- , O r a o c h r o m i s a u r e u s , DIET, CALCIUM, and PHOSPHORUS, 
REARING 
1 4 2 . , ROBINSON (EH), L J^BOMASCUS (D) , BROW' (P3) and LINTON (TL) . 
D i e t a r y c a l c i u m and p h o s p h o r u s r e q u i r e m e n t of O r e o c h r o m i s 
a u r e u s r e a r e d i n c a l c i u m f r e e wa te r , Aguacu l tu r e? 64, 1; 
1987, Aug; 2 6 7 - 7 6 . 
Two e x p e r i m e n t s were c o n d u c t e d t o e v a l u a t e t h e 
d i e t a r y c a l c i u m and p h o s p h o r u s r e q u i r e m e n t o f f i n g e r l i n 
0 . a u r e u s r e a r e d in c a l c i u m f r e e w a t e r . A c a s e i n b a s a l 
d i e t was supp l emen ted wi th g r a d e d l e v e l o f e i t h e r c a l c i u m 
and p h o s p h o r u s and fed f o r 12 weeks . D i e t a r y c a l c i u m 
c o n c e n t r a t i o n r a n g e d from 0 , 17 t o 1.00% and d i e t a r y 
p h o s p h o r u s c o n c e n t r a t i o n r a n g e d from 0 ,20 t o 1.00%. 
v.'eight g a i n and feed c o n v e r s i o n d a t a i n d i c a t e d t h e t 
0 ,70% d i e t a r y c a l c i u m was optimum fo r good g rowth , Vfeight 
g a i n and f eed c o n v e r s i o n d a t a i n d i c a t e d t h a t 0 ,30% 
d i e t a r y p h o s p h o r u s was a d e q u a t e f o r good g r o w t h . 
_, O r e o c h r o m i s nx)Ssambicus, RESPIRATION, BEHAVIOUR, 
e f f e c t of, HEAVY I4ETALS. 
1 4 3 . JAMES (R) . I n d i v i d u a l and combined e f f e c t s of heavy m e t a l s 
on b e h a v i o u r and r e s p i r a t o r y r e s p o n s e s o f Oreochromis 
mossoombicus . I n d i a n J F i s h ; 37, 2; 1990, J u n ; 1 3 9 - 4 3 . 
S u b l e t h a l e f f e c t s o f coppe r , z i n c and cadmium on 
l b : :J 
behaviour and resp i ra tory responses of Oreochromis 
mossambieus were studied individual ly and in corrbinations. 
Animal exposed to cut 2n and Cut Cd combinations exhibited 
t he strange behavioural chan'es than the animals exposed 
to Cu or Zn or Cd individual ly . The r a t e s of oxygen 
consunption and opercular movements were increased when 
the f ish were exposed to chosen metal individual ly while 
i t decline on 15th day. The r e s u l t s were discussed., 
_, OSTRACODS, EPI2DK, Ac in eta satyanandani, Parauneta 
Karunakarani. 
144. SAKITHAKOMARI (V). Tv.o new species of suctonans Acineta 
satvanandani Sp. Paracineta Karunalcarani Sp. epizoda on 
ostracods, Indian J Fish: 33, 4; 1986, L-ec; 469-72. 
Two species of protozoic suctonans, Acineta Satva 
nan dan i sp, Nov and Paracineta Karunakarani sp. Nov are 
described. These are found attached on the body of the 
marine ostraced, Muller, col lected from the shelf and 
slope areas of the south west coast of India. The mode 
of attachment, host spec i f i c i ty and r a t e of in fes ta t ion 
are given. 
- / o s t r e a edul i s L, P e c t e n maximum^ GROWTH, CONTROL, 
SUSPENDED CULTURE 
1 4 5 , WILSON (JH) . E n v i r o n m e n t a l p a r a m e t e r s c o n t r o l l i n g growth 
o f o s t r e a edu l i s L and Pec t en maximum L i n suspended 
c u l t u r e , Acruacu l tu re ; 64, 1; 1987, J u l y ; 1 1 9 - 3 1 . 
O y s t e r s and s c a i i O p s were grown i n l a n t e r n n e t s a t 
t h r e e s t a t i o n s i n B i r t e r b u y Bay, Co. Gal way, I r e l a n d , 
S h e l l and t i s s u e growth and m o r t a l i t i e s were r e c o r d e d 
o v e r a p e r i o d o f 18 m o n t h s . Sea wa te r t e mpe ra tx i r e , 
s a l i n i t i e s , p a r t i c u l a t e o r g a n i c ca rbon c o n c e n t r a t i o n 
(POC) , p a r t i c u l a t e o r g a n i c n i t r o g e n (PON) c o n c e n t r a t i o n , 
p a r t i c l e c o n c e n t r a t i o n s and vo lumes o f t h e s e s t o n and 
c u r r e n t s p e e d s v;ere r e c o r d e d d u r i n g a g rowing s e a s o n . 
D i f f e r e n c e s in grovrt:h be tween s t a t i o n s a r e e x p l a i n e d i n 
t e r m s of d i f f e r e n c e s i n t e m p e r a t u r e , o r g a n i c c a r b o n 
c o n t e n t o f t h e s e s t o n and c u r r e n t s p e e d s . 
-f Q s t r e a edul i s , RESISTANCE, INFECTION, Bonamia O s t r e a . 
1 4 6 . . ELSTON (RA) KENT (ML) and VffLKINSON (MT) . R e s i s t a n c e o f 
Q s t r e a edu l i s t o Bonamia o s t r e a i n f e c t i o n , A g ^ a c u l t u r er 
64 , 1; 1987, J u l y ; 237-4 2. 
Over a 46-week p e r i o d and under i d e n t i c a l e n v i r o n -
m e n t a l c o n d i t i o n s , 99% of n o n - r e s i s t a n t o y s t e r s exposed 
in 
the disease died while only 26% of a population of r e s i s t an t 
oys te r s died. The surviving r e s i s t a n t oysers had l es ions 
which indicated a chronic infect ion and possible degrada-
t ion of the pa ra s i t e within the t i s s u e . The r e s i s t a n t 
oys te r s may offer a management ^ i^^ ''^ '"'n f~r the r e - e s t ab l i sh -
ment of Ostrea edulis cul ture in disease enzootic areas 
where the p a r a s i t e has v i r t u a l l y eliminated non-res is tant 
populat ions . 
- / O t o l i t h e s r u b e r , LENGTH-V.EIGTH, RELATION, GUTiF OF MANNER 
147. JAYASANKAR (j) . Length-weight relationohiip and r e l a t i v e 
condition factor in Otol i thes rubgr from the Gulf of 
Mannar and Palk Bay, Indi J Fish? 37, 3; 1990, Sep; 261-3. 
Regression coef f ic ien ts of length-weight r e l a t i on -
ship in females and males 0. riiber showed no s igni f icant 
difference and a corimon reares£i::in is recommended. The 
regression coeff ic ient depot s ign i f i can t ly froni 3. Total 
l eng th - r e l a t i ve condition factor curve showed f i r s t 
major inflexion at 200 mm. 
m 
- , OYSTER, C r a s s o s t r e a m a d r a s e n s i s . SETTLEMENTS, FOOLING, 
MADRAS, ATOMIC POVER STATION 
1 4 8 . SASIKUMAR (N) and AZARIAH ( J a y a p a u l ) . I n f l u e n c e o f b i o f o u l -
i n g on t h e o y s t e r s e t t l e m e n t in t h e v i c i n i t y of a power 
s t a t i o n , I n d i a , I n d i a n J F i sh r 37, 1; 1990, Mar; 4 5-50 . 
S e t t l e m e n t s t u d i e s on C r a s s o s t r e a m a d r a s e n s i s were 
made u s i n g e x p e r i m e n t a l t e s t p a n e l s (15x10cm) suspended a t 
v a r i o u s d e p t h s from Madras Atomic Power S t a t i o n J e t t v . The 
s p e c i e s shows s e t t l e m e n t wi th two maxima; one in Apr i l and 
t h e o t h e r i n O c t o b e r . Maximum growth r a t e s a t t h e i n t a k e 
f i l t e r g a t e and low a t t h e c o n d e n s e r o u t f a l l of t h e power 
s t a t i o n p o s s i b l y due t o t h e a l t e r e d e n v i r o n m e n t a l c o n d i -
t i o n s . S u r v i v a l r a t e o f C. m a d r a s e n s i s was r e l a t i v e l y low 
o n p a n e l s h a v i n g g r e e n m u s s e l . The p a p e r d i s c u s s e s t h e 
i m p o r t a n c e of b i o f o u l i n g a s s e s s m e n t in s e l e c t i o n of 
s u i t a b l e s i t e s f o r c o a s t a l a q u a c u l t u r e . 
- ' P a n q a s i u s Pancfasius , BIOLOGY, FISHERY, ANDHRA PRADESH, 
NAGARJ UNAS AGAR R ES ERVOIR 
149. RAMAKRISHNAN (N) . S t u d i e s on t h e f i s h e r y and b io logy of 
Panqas ius Panqasius (Hamilton) of t h e Nagarjunasagar 
Rese rvo i r in Andhra Pradesh, Ind ian J Fish? 3 3, 3; 1986; 
3 20-3 5. 
The c a t f i s h Panqas ius Panqasius c o n t r i b u t e d t o an 
r/j 
a v e r a g e annua l c a t c h of 51.7 t from t h e r e s e r v o i r d u r i n g 
1976-80 . The a v e r a g e l e n g t h of f i s h i n t h e c a t c h was much 
b e l o w t h e l e n g t h of m a t u r i t y . The f i s h which h a v e been 
aged w i t h t h e a i d o f p a c t o r a i s p i n e s , were in t h e main 
i n t h e age g r o u p s 3, 4 and 5. Fema le s were p r e d o m i n a n t 
i n t h e p o p u l a t i o n beyond age 6 . As a g a i n s t i t s r e p o r t e d 
omnivorous h a b i t , t h e f i s h were found p r e f e r a b l y f e e d i n g 
on m o l l u s e s . 
- , FEARLOYSTER, PINCTADA FUCATA, GHROMOSOf-E C0MPL2MENT 
1 5 0 . AI.AGARSVAMI (K) and SREENIVA3AN ( P V ) . ChroTOSome complement 
a t t h e I n d i a n p e a r l o y s t e r P i n c t a d a f u c a t a (Gould) , 
I n d i a n J F j s h ; 37, 1; 1987, Mar; 10 2 - 4 , 
Chromosome nuntoer (n=14, 2n=28) o f t h e I n d i a n p e a r l 
o y s t e r P i n c t a d a f u c a t a i s r e p o r t e d f o r t h e f i r s t t i m e . I t 
conforms w i t h t h e chromosome nuntoer r e p o r t e d f o r P . f u c a t a 
m ^ r t e n s i i from J a p a n and P . i n t o r i c a t a from A t l a n t i c . I t 
s u g g e s t e d t h a t i n t h e c a s e s of C r a s s e s t r e a S p p . , genus 
P i n c t a d a may e ^ i b i t c o n s e r v a t i v e n e s s i n chromosome 
n u n b e r . 
17d 
- , PEARL SPOT, COMI'DN, SPAWNING, GROWTH, PONDS, POLYTHENE 
LINED, CALICUT 
1 5 1 . LAZARUS (S) and NANDAKUMARAK! (K) . Some o b s e r v a t i o n on t h e 
g r o w t h and spawning b e h a v i o u r o f t h e common p e a r l s p o t i n 
t h e p o l y t h e n e - l i n e d ponds a t c a l i c u t , I n d i a n J F j shr 
3 3 , 3 ; 1986; 36 5-70. 
In t h e p o l y e t h y l e n e - f i l m l i n e d ponds in C a l i c u t , 
K e r a l a , I n d i a E t r o p l u s s u r a t e n s i s h a s y i e l d e d t h e growth 
r a t e v a r y i n g be tween 0 .01168 and 0 . 2 2 6 2 and spawned l i k e 
t h o s e c u l t u r e d i n o t h e r s y s t e m s , t h o u g h t h e p r o d u c t i o n 
and s u r v i v a l r a t e s were no t e q u a l t o t h e l a t t e r , i n d i c a t i n g 
t h a t p o n d s , can be used a s a e f f e c t i v e c u l t u r e sys t em. 
- , P E N A E I D PRAWN, SEED, RESOURCE, GOUAVARI ESTUARY 
152, RAD (G Sudhakara) . Assessment of the penaeid prawn seed 
resource of the Godavari estuary and the adjacent back 
waters, Indian J Fish.- 37, 2; 1990, Jun? 9Q-108. 
Pravm seed resource of the God^vai;!estuary and the 
adjacent backwaters were studied during the years 1969-71 
based on the catches et push nets , drag nets and stak 
n e t s . Push net catches at Keeiapall i were b e t t e r in ^ r p i l -
June. Dray net and stake net catches at 3.V. Pal em vjere 
b e t t e r in April-ilay and Novetrber-Dec-^rrber . Seeds of the 
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s p e c i e s o'^ p r swns were abunc^ance. 203 c r o r e s of p rawns 
s eed a r e a n n u a l l y h a r v e s t e d from t h i s e s t u s r i n e s y s t e m 
vvhich i s enough t o s t o c k 21,800 ha of prawn farms of which 
3 ,770 ha can be s t o c k e d wi th o r ime s p e c i e s l u k e P. mono don; 
_£. i n d i e i s and ?» mgraU-Jemsis. 
_ , _ , _ , _ , SIZE DISTRIBUTION, KALI, ESTUARY, KAR1\?AR 
1 5 3 . GUNGA (Vishnu Das) and NEELAKAI^TTAK (3) . S i z e d i s t r i b u t i o n 
o f p e n a e i d prawn seed i n t h e K a l i e s t u a r y , Karwar, 
I n d i a n J ^ i s h ; 37, 2; 1990, J u n ; 109 -17 . 
Panao id pravms s e e d s were c o l l e c t e d from 5 s t a t i o n 
i n t h e K a l i e s t u a r y t o s tudy t h e s i z e d i s t r i b u t i o n o f 
d i f f e r e n t s p e c i e s . The p o p u l a t i o n vjas ma in ly composed o f 
spec imen w i t h model s i z e a t 6-10 mm. S i n c e t h e same s i z e 
g r o u p s r e p e a t e d l y domina ted in t h e m a j o r i t y o f t h e 
months , no i n f e r e n c e cou ld b e drawn on t h e g rowth r a t e . 
An a t t e m p t a l s o b e e n made t o d e t e r m i n e t h e b r e e d i n g 
s e a s o n of d i f f e r e n t s p e c i e s . 
TIDAL OCCURRAMCE, KALI ESTUARY, KARWAR 
1 5 ^ • GUNGA ( V i s h n u d a s ) , NEII^L-KANTAN (K) and N E E L K A N T A N ( B ) . T i d a l 
occurrence of penaoid prawn seed in the Kali estuary, 
Karwar, Indian J Fish? 37, 1; 1990, Mar; 37-43. 
Detailed study was undertaken in the Kali estuary 
17 D 
t o f i n d o u t t h e e f f e c t o f t i d a l h e i g h t s on t h e p e n a c i d 
pravm se ed abundance . I t i n d i c a t e d t h a t l a t e p o s t l a r v a l 
and e a r l y j u v e n i l e s t a g e s can b e c o l l e c t e d i n l a r g e 
numbers for stoc>ving p u r p o s e s a t o r n e a r t h e t i m e of 
low t i d e . 
_ , _ , SI^IMP, Penaeus s t v l i r o s t r i s . TUMOR-LIKS HERNIA, 
HEPATOPANCREAS AND ASSOCIATED TISSUES 
1 5 5 , LIGHTNER (DV) , fOORE (DW) and REDMA T^ (RM) . T u m o r - l i l ^ e 
hernia of the hepatopancreas and associated t i s s u e of 
the penaeid shrimp Penaeus s t v l i r o s t r i s ; Aguaculture? 
6 5, 3/4; 1987, Sep, 15; 3 59. 
Sub-adult cul tured blue shrimp (Crustacia: 
Decapoda) possessed a prominent papi l l i form tumor-
l i k e growth tha t protruded from the mid-dorsal surface 
of i t s carapace. Study showed the growth not to be a 
t rue tumour, but to be a hernia of the hepa topancreas 
and associated organ. The unusual les ion was probably 
the r e su l t of a puncture wound. 
ITJ 
- , - , - , SPECIES, FEED FORMULATION, e f f e c t on GROWTH 
1 5 6 . GODFRED (J) , SRIRAI-IAN (K) RAMANATHAN (N) and KANNVPANDI 
(T) . Feed f o r m u l a t i o n and i t s e f f e c t on t h e growth o f 
f o u r s p e c i e s o f p e n a e i d s h r i n p , ^-quacul t Eur; 16, 1; 1991; 
2 6 - 8 . 
F o r m u l a t i o n o f p e l l e t f eed f o r p e n a i d shr imp 
u s i n g d i f f e r e n t i n g r e d i e n t s a r e s t u d i e d . Shrimp h e a d meal 
was t h e c h i e f i n g r e d i e n t , and f i s h meal , b a j r a f l o u r , 
g round n u t o i l c a k e , r i c e b r a n added . The prax : imate 
c o m p o s i t i o n of t h e p e l l e t f eed was 39% p r o t e i n , 23% 
c a r b o h y d r a t e , 6.2% l i p i d and 16.4% a s h . The feed was 
found s t a b l e f o r 4 h r s and good growth r e s u l t s a r e n o t e d . 
- , P e n a r u s rronodon, CULTURING, CONFINED TANK 
157. BADAPANDA (HS) and PATTNAIK (PN) . On c u l t u r i n g Penaeus 
monodon (Fabr ic lus ) in a con t ined tanK without t i d a l 
f i s h i n g , Ind ian J Fish; 32 ,2 ; 1985; 260-4. 
Cu l tu r ing of Penaeus monodon was c a r r i e d out in a 
confined tank of 0 .3 2 ha in Ganj am, Or i s sa , India with 
f e r t i l i z a t i o n and occasionalpumping i n s t e a d of usual method 
of f l u s h i n g with t i d a l water . Water f e r t i l i z e d with o rgan ic 
and i no rgan i c f e r t i l i z e r s and prawns were fed with supple-
mentary feed, t h e experiment y i e l d e d 236 kg prawns/ha/126 
days . 
1/ri 
_ , — , POSTLARVAE, SALINITY^ SURVIVAL 
1 5 8 . C H A K R A B O R T I (RK) , BHO'.VMIK (ML) a n d HALDER (DD) . E f f e c t 
o f change i n s a l i n i t y on t h e s u r v i v a l of Penaeus monodon 
p o s t l a r v a e , I n d i a n J Fj^sh; 3 3 , 4 ; 1986, Dec; 4 8 4 - 6 . 
To a s s e s s t h e e f f e c t o f sudden change in s a l i n i t y 
on t h e p o s t i a r v a e on d i r e c t s t o c k i n g o r d u r i n g g r a d u a l 
change in monsoon m o n t h s . In l a b o r a t o r y e x p e r i m e n t r e s u l t 
i n d i c a t e d t h a t , f o r a d i r e c t change i n s a l i n i t y i n t h e 
r a n g e o f 3 t o 30 p p t , s u r v i v a l v a r i e d be tween 96 and 100%. 
D u r i n g a g r a d u a l change from 5 t o 0 , 5 p p t , s u r v i v a l was 
60% u p t o 2 p p t . In b o t h t h e c a s e s , s u r v i v a l i s v e r y ppor 
be low 2ppt s a l i n i t y . 
_ , P e n a e u s monodon f a b r i c i u s , GR0V7TH, COASTAL POND, 
RAIN-FEED SUI^ DSRBANS 
1 5 9 . . PILLAI (SM) and GHOSH (PK) . Note on t h e g r o \ ^ h a t 
P e p a e u s monodon f a b r i c i u s i n a r a i n - f e e d c o s t a l pond 
i n s u n d e r b a n s , I n d i a n J F i sh? 37, 1; 1987, Mar; 1 0 8 - 1 1 . 
P o l y c u l t u r e o f P e n a e u s mondon a l o n g wi th f i s h 
wa te r c a r p s m u l l e t s and m i l k f i s h was under t a ' ken i n a 
r a i n f e d pond t o s t u d y t h e g rowth and s u r v i v a l in f i s h 
w a t e r c o n d i t i o n s in c o a s t a l a r e a r . In t'.iD c o n s e c u t i v e 
e>qpErimeiits d u r i n g 1978 and 1979 t h e prawn showed 
r e l a t i v e l y f a s t e r g rowth , a t t a i n i n g 6 0 - 6 5 in 4 months 
and 70-80 g i n 7-8 months of c u l t u r e . Hoii^ever s u r v i v a l 
o f p r a w n s was p o o r , monodon b e i n g 34,6%. 
i i u 
"' PENTAPRION LOMGIMANaS, BIOLOGY 
160 . RAO ( T Appa) . O b s e r v a t i o n on some a s p e c t s of b i o l o g y 
o f ?p>ritaryiQn l o n a i m a n u s ( C a n t o r ) , I n d i a n J F i s h ; 37, 1; 
1990, Kar; 6 7 - 7 1 . 
Dur ing t h e -^erioci 1984-88 c a t c h e s and c a t c h p e r hour 
v a l u e s o f P e n t a p r i o n l o n a i m a n u s f l u c t u a t e d from y e a r t o 
y e a r and month t o month b u t t h e annua l a v e r a g e c a t c h e s 
t o g e t h e r w i th c a t c h r a t e s showed i n c r e a s i n g t r e n d . The 
spawning p e r i o d e x t e n d from December t o March. Average 
f e c u n d i t y was found t o be 3,0 23 e g g s and i t i n c r e a s e d 
w i t h weight o f o v a r y and t o a l e s s e x t e n t w i th t h e l e n g t h 
o f f i s h . 
_^ PHYTOPLANKTON, PRIMARY PRODUCTION e f f e c t o f HEAVY 
METAL IONS, COCHIN 
1 6 1 . - KALADHARN ( P ) , ALAVANDI ( S V ) , P I L L A I OTK) and BALACHANTiRAN 
(VK) . I h i b i t i o n of p r i m a r y p r o d u c t i o n a s i nduced by heavy 
m e t a l i o n s on phy top lan"k ton p o p u l a t i o n o f f Cochin , 
I n d i a n J F i s h ; 37, 1; 1990, Mar; 5 1 - 4 , 
E f f e c t o f f i v e m e t a l s (cd, Ni, Cr, Pb and Hg) a t 
d i f f e r e n t c o n c e n t r a t i o n s be low and above t o l e r a n c e l i m i t s , 
i n t h e p r i m a r y p r o d u c t i v i t y o f Cochin was i n v e s t i ; ? a t 9 d . 
I t was o b s e r v e d t h a t Cadmium, n i c k e l , l e a d , chromium ->) and 
mercury even a t low c o n c e n t r a t i o n were found i n h i b i t i n g t h e 
p r i m a r y p r o d u c t i v i t y . Among t h e m e t a l t e s t e d , n i c k e l appea red 
t o b e t h e l e a s t t o x i c and mercury t h e most t o x i c in t h e i r 
i n h i b i t o r y e f f e c t . I n h i b i t i o n e f f e c t was more a c u t e when 
t h e m e t a l s were p r e s e n t i n c o m b i n a t i o n . 
- , PINK SALMDN FAMILIES^ GROWTH AND SURVIVAL, SALT VATER 
TEMPERATURE 
1 6 2 . BEACHAM (TD) and MURRAY (GB) . V a r i a t i o n i n e a r l y g rowth 
and s u r v i v a l o f Pin>c Salmon f a m i l i e s w i th r e s p e c t t o 
t e n p e r a t u r e and t r a n s f e r t o s a l t w a t e r , A g ^ a c u l t u r e ? 
64 , 1; 1987, Aug; 257-6 5. 
F i v e p a i r s of p a t e r n a l h a l f - s i b f a m i l i e s a t Pink 
Salmon were t r a n s f e r r e d from f r e s h t o 28% s a l t wa te r 1,7 
and 28 days a f t e r b u t t o n - u p of t h e t r y and r e a r e d f o r 51 
d a y s a t 13°c . In a n o t h e r e x p e r i m e n t . P ink Salmon from 
t h r e e p o p u l a t i o n s were a l s o r e a r e d i n f r e s h and s a l t 
w a t e r a t 9 , 5°c fo r 49 d a y s a f t e r f r y b u t t o n - u p . J u v e n i l e 
t r a n s f e r r e d t o s a l t - w a t e r 1 day a f t e r b u t t o n up had t h e 
l o w e s t g rowth and s u r v i v a l r a t e s and t h o ^ r e a r e d a t 
13°c grew up f i v e t i m e s f a s t e r t h a n t h o s e r e a r e d a t 
9 . 5 ° c . 
_, PLANKTON ORGANISMS REACTIONS, V7ATER STRATIFICATION. 
163. HARDER (Wllhelm). Reactions of plankton organisms to 
water s t r a t i f i c a t i o n , Ljmnol Oceanoq; 1, 13; 1968, Jan; 
156-68. 
Survey of the l i t e r a t u r e ind ica tes that zoopiankton 
aggregate at s a l i n i t y or tenperature in t e r faces . The 
1;j ^ 
e x p e r i m e n t s r e p o r t e d h e r e o f f e r e v i d e n c e t h a t such 
i n t e r f a c e s may b e p r e f e r e j n t i a i s i t e 5 f o r c e r t a i n 
m a r i n e o r g a n i s m s . E x p e r i m e n t s ivere made by l a y e r i n g 
w a t e r o f v a r i o u s d e n s i t i e s and i n t r o d u c i n g p l an>c ton ic 
o r g a n i s m s i n t o t h e l a y e r s . The ^ o p l a n k t e r s under s t u d y 
i n c l u d e d p r o t o z o a and a d u l t s o r l a r v a e , o r b o t h , o f 
e t e n o p h o r e s , c h a e r o g n a t h s , c i r r i p e d s , arrrphipods, 
p o l y c h a e t e s , b r a c h i o p o d s , mys ids , m o l l u s e s and t e l e o t „ 
e g g s . Almost a l l o r g a n i s m s t e s t e d a c c u m u l a t e d a t t h e 
i n t e r f a c e s of wa te r l a y e r s , 
- , i^l e u r o mamma SPECIES^ DISTRIBUTION, HYEROGRAPI-IY, 
PREDICTION, INDIAN OCEAN 
1 6 4 . JAYALAKSHMY (KV) and SARASV/ATIT/ (M) . P r e d i c t i o n e f f i c i e n c y 
o f t h e h y d r o g r a p h i c a l p a r a m e t e r s a s r e l a t e d t o d i s t r i b u -
t i o n p a t t e r n s o f t h e Pleuromamma s p e c i e s i n t h e I n d i a n 
Ocean, I n d i a n J F i s h r 37, 4 ; 1990; 3 1 3 - 1 9 , 
Arrong s p e c i e s o f t h e g e n u s Pleuromamma, Pleuromamma 
i n d i e a was t h e o n l y s p e c i e s e x i s t i n g i n t h e n o r t h e r n I n d i a n 
Ocean . In r e s t of t h e I n d i a n Ocean t h e rms t abunden t 
s p e c i e s was £'. g r a c i l - , and J^, abdomina l i e ^ l u l t i p l e 
r e g r e s s i o n model of ^ . i n d i c a abundance on t h e p a r a m e t e r : 
t e m p e r a t u r e s a l i n i t y , d i s s o l v e d oxygen and p h o s p h a t e -
p h o s p h o r o u s c o u l d e x p l a i n more t h a n 8 5v° of t h e v n r i e t i o n 
p r e d i c t e d . Opt ima l v a l u e s of t h e p a r a m e t e r s t o be c o n s i -
d e r e d fo r maximum i n f o r m a t i o n . High d i v e r s i t y and lovj 
dominance were o b s e r v e d i n t h e d i s t r i b u t i o n of Pleuromamma 
s p e c i e s in t h e e q u a t o r i a l r e g i o n . 
- , POLYCULTURE, INTENSIVE, COFi>ttN CARP, SIL'^R CARP, 
BLACK BUFFALO. 
1 6 5 . DiiMITROV (M) . I n t e n s i v e p o l y c u l t u r e o f common c a r p , 
C y p r i n u s c a r p i o L . , s i l v e r c a r p , H y p p n h t h a l m i c h t h y s mol i t r i x 
and b l a c k b u f f a l o , Apfuacul ture : 6 5, 2; 1987, S e p t , 1; 
119-2 5. 
I n t e n s i v e p o l y c u l t u r e was c a r r i e d o u t w i th common 
c a r p , s i l v e r c a r p and b l a c k b u f f a l o fed a m i x t u r e of 60%. 
P e l l e t s and 40% b a r l e y , a l o n g wi th m i n e r a l and o r g a n i c 
f e r t i l i z a t i o n . Two s t o c k i n g p a t t e r n s were t e s t e d . From 
p a t t e r n I , in pord I , t h e y i e l d o f f i s h a f t e r 180 days 
was 3 538 k g / h a , w i th s t a n d a r d w e i g h t , ^rom p a t t e r n I I , 
i n pond 2, t h e f i g u r e was 50 22 k g / h a . S e v e r a l p o l y c u l t u r e 
t r i a l s showed t h a t b u f f a l o f i s h a t a s t o c k i n g r a t e of 
2000 f i s h / h a , grown w i t h common c a r p (2500 f i s h A a ) and 
s i l v e r c a r p (1200-1500 f i s h / h a ) , g a v e t h e b e s t b r e e d i n g 
and economic r e s u l t s . The b u f f a l o f i s h have e x c e l l e n t 
o r g a n o l e p t i c p r o p e r t i e s . 
- , POND COMMUNIIY, METABOLISM STUDIES, AUTOMATED DATA 
ACQUISITION SYSTEM, COMPARISON 
1 6 6 . GREEW {B\^ and TEI CHERT-CODDING TON (DR) . Compar ison of two 
s a m p l e s used wi th an au toma ted d a t a a c q u i s i t i o n sys tem i n 
whole pond community m e t a b o l i s m s t u d i e s . P roa F j s h Cul t? 
53, 4 ; 1991, Oc t ; 2 3 6 - 4 2 . 
Automated d a t a - l o g g i n g equipment a l l o w s for b e t t e r 
e s t i m a t e s a t p r i m a r y p r o d u c t i o n and community m e t a b o l i s m 
i n a q u a - c u l t u r e p o n d s , '^s sys t em t o sample four c o n t i g u o u s 
0 . 1 h e c t a r e e a r t h e n p o n d s i s d e s c r i b e d . Two s a m p l e s f o r 
o b t a i n i n g wate r s a m p l e s for a n a l y s i s v^ere d e s i g n e d and 
compared . The f i r s t a s d i s c r e t e d e p t h t h r o u g h o u t t h e 
v;ater column, whereas t h e s e c o n d o b t a i n e d a s c o m p o s i t e 
w a t e r column sa r rp l e . Sample r s were c o n s t r u c t e d from 
r e a d i l y a v a i l a b l e s t o c k s o f i r o n a c c e s s o r i e s o r p o l y v i n y l 
c h l o r i d e f i t t i n g s . Mean d i s s o l v e d oxygen c o n c e n t r a t i o n , 
pH and t e m p e r a t u r e d i d n o t d i f f e r s i g n i f i c a n t l y be tween 
w a t e r s a i r p l e s t a k e n by t h e two s a n i p l e r s . 
- , POND FARMS, STATE OWNED, FEASIBILITY ANALYSIS 
1 6 7 . PETERSON ( R i c h a r d E) and SEo (KK). F e a s i b i l i t y a n a l y s i s 
o f s t a t e ovmed e x p e r i r r e n t a l pond f a rms , I n d i a n J F i sh? 
37, 1; 1987, Mar; 9 6 - 1 0 1 . 
C r e a t i n g a f r u s t t a t i n g s i t u a t i o n o f i n h e r e n t 
c o n f l i c t be tween t h e l o n g - r a n g e o b j e c t i v e s o f s c i e n t i s t s 
and s h o r t t e r m n e e d s of commercia l g r o w e r s , t h e c u r r e n t 
s y s t e m in Hawai i o f o b t a i n i n g d a t a from t h e pra^^^l fa rmer s 
p o n d s and u s i n g t h e p o n d s t o l e s t management t e c h n i q u e s 
and d e v i c e s a s a r e tx i rn fo r t h e s i i o s idy p r o v i d e d i n t h e 
form o f f r e e t e c h n i c a l a s s i s t a n c e and j u v e n i l e s f o r 
s t o c k i n g under a t h r e e - y e a r p e r i o d o f a s s i s t a n c e a p p e a r s 
t o c a u s e a major b o t t l e n e c k i n i n d u s t r y p r o g r e s s . The 
a u t h o r , t a k i n g t h i s i n t o c o n s i d e r a t i o n p r o p o s e s s t a t e -
owned e x p e r i m e n t a l farm s t a t i o n s , 
_ , PO^DS, FISH, ALGAL. BLOOMS, A O J A T I C WEEDS, CDNTROL,iJJURON. 
1 6 8 . RAMACHANDRAN (V Ramaprabhu) , SAHU (AKT) and DAS (KM). 
C o n t r o l of a l g a l b l o o m s / m a t s and some a q u a t i c weeds by 
di'-rron in f i s h p o n d s . I n l a n d F i s h Spc; 18, 1; 1986; 1 5 - 2 3 , 
A l g a l b looms i n f i s h ponds may h a v e d e t r i m e n t a l 
e f f e c t s on t h e f i s h p o p u l a t i o n . L a b o r a t o r y and f i e l d 
i n v e s t i g a t i o n s c o n d u c t e d t o a s s e s s t h e e f f i c i e n c y of 
i J j 
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d i u r o n i n c o n t r o l l i n g M u e r o c y s t s bloom* d e m o n s t r a t e d t h a t 
t h e d o s e s h a v e 0 . 3 ppm were e f f e c t i v e w i t h o u t a f f e c t i n g 
C y p r i n u s Garp io f r y . Under f i e l d c o n d i t i o n t h e bloom c o u l d 
b e c o n t r o l l e d w i t h i n 10-15 d a y s in sonie c a s e s , t hough i t 
might h a v e t a h k e n l o n g e r p e r i o d i n some o t h e r c a s e s . 
- , - , MICROBIAL GROVraH, ESTIiMATION, RNA AND DNA SYNTHESIS^ 
RATE 
1 6 9 . C0STA_PIERCE (Bar ry A) and CRAVEN (D3) . E s t i m a t i n g 
m i c r o b i a l p r o d u c t i o n and grovrt;h r a t e s i n a q u a c u l t u r e 
p o n d s u s i n g r a t e s o f RNA and DNA s y n t h e s i s , A q u a c u l t u r e ? 
66 , 1; 1987, O c t ; 6 9 - 7 8 . 
I n t h i s s t u d y , r a t e s o f RNA and DNA s y n t h e s i s 
were used t o q u a n t i t y water column t o t a l mic ro l J i a l 
( a l g a l , b a c t e r i a l ) p r o d u c t i o n . R a t e s o f p r i m a r y p r o d u c -
t i o n were s i m u l t a n e o u s l y measured t o q u a n t i t y a u t o t r o p h i c 
p r o c e s s e s in a s u r v e y o f a q u a c u l t u r e p o n d s w i th and witlsDUt 
p o l y c u l t u r e and r e c u r r i n g c o n v e n t i o n a l f e e d o r manure , 
H e t e r o t r o p h i r e p r o d u c t i o n was g r e a t e r t h a n 50% o f t o t a l 
m i c r o b i a l p r o d u c t i o n on seven a t t h e e i g h t d a t e s s u r v e y e d . 
R a t e s of RNA and DNA s y n t h e s i s and t o t a l m i c r o b i a l 
p r o d u c t i o n were h i g h l y c o r r e l a t e d w i t h ATP b i o m a s s . T o t a l 
m i c r o b i a l p r o d u c t i v i t i e s measured i n t h i s s t u d y by u s e of 
DNA s y n t h e s i s m e t h o d s . 
i S i 
-, PORTUNID CRAB, C h a r v b d l s f e r l a t u s , POPULATION, 
C K A R A C T E R I S T I G S MD PRODJCrr/E BIOLOGY, COCHIN 
170. PADAYTTI (Pius S) . Notes on p o p u l a t i o n c h a r a c t e r i s t i c s and 
r e p r o d u c t i v e b io logy of the p o r t u n i d Crab Charybdis 
f e r i a t u s a t Cochin, I nd i an J F jsh ; 37, 2; 1990, Jun? 155-S. 
S ize frequency d i s t r i b u t i o n and r e p r o d u c t i v e b io logy 
of C. f i n a t u s were s tud idd from the t rawl f i s h e r y of Cochin 
dur ing January-March, 1989. The f i s h e r y was mainly supported 
by a d u l t crab in the s i ze range 60-154 mm for male and 
6 5-120 mm for female. Males formed about two t h i r d of t h e 
p o p u l a t i o n . The minimum s i z e of o r i g e r o u s female measured 
66 mm C, V/, Fecundi ty ranged from 52, 350 t o 3,09250, t h e 
r a t e of egg p r o d t c t i o n being d i r e c t l y p r o p o r t i o n to the 
s i z e . Act ive b reed ing of the s p e c i e s was no t iced throughout 
t h e p e r i o d . 
- / Pseudomas aeruginosa , GROWTI-i, BLOCHEMI'CAL ACTIVITIES, 
e f f e c t o f , TEMPERATURE, STABILIZATION POND 
171 . GADDAD (Sbhaschandra) and RODGI (Shiva S) . Ef fec t of 
t empera tu re on t h e growth and biochemical a c t i v i t i e s of 
Pseudomonas aeuqinosa. i s o l a t e d from a s t a b i l i s a t i o n pond, 
J Environ B i o l ; 8, 2; 1987, Apr; 14 3-9. 
Growth and biochemical a c t i v i t i e s of Pseudomonas 
l\j: 
a e r u g i n o s a i s o l a t e d f r o m a s t a b i l i z a t i o n pond were s t u d i e d 
by g rowing t h e b a c t e r i u m in s t e r i l e sewage and a t v a r i o u s 
te inpe i^s ture r a n g i n g from l o ' - S C c . A t e m p e r a t u r e o f 30°c 
was optimum for t he g rowth of t h e b a c t e r i u m , ammonea 
r e l e a s e . U t i l i z a t i o n of BOD and t h e c a t a l a s e a c t i v i t y . 
The p r o t e a s e a c t i v i t y was optimum a t 4 0 * c . At 10°c t h e 
a c t i v i t i e s o f t h e o r g a n i s m were s low and were i n h i b i t e d 
t o a g r e a t e r e x t e n t a t 50 " c . At optimum t e n p e r a t u r e s , t h e 
c a t a l a s e a c t i v i t y f o l l o w e d t h e v i a b l e c e l l coun t o f t h e 
b a c t e r i u m . 
- , PRAWN, Macrobrachium b i rman icum c h o p r a i , FRESH Vv'ATER, 
JUVENILES, RECRUITMENT, RIVER GAI\IGA 
1 7 2 . Si-IREE PRAKASH and AGRAi'jA.L (GP) . On tiie r e c r u i t m e n t and 
abundance of J u v e n i l e s o f t h e f r e s h w a t e r prawn ^ ' a c r o b r a -
chium b i r m a r i e u m C h o p r a i i n t h e midd le s t r e t c h o f t h e 
r i v e r Ganga, I n d i a n J F i s h ; 3 3, 3; 1986, Sep; 284-9 2 . 
P a p e r s d e a l s w i t h a s t u d y o f t h e j u v e n i l e s o f t h e 
n o r t h I n d i a n f r e s h wa te r prawn, Macrobrachium bormanium 
c h o p r a i i n t h e m i d d l e s t r e t c h o f t h e Genga r i v e r system, 
b e t w e e n V a r a n a s i and P a t n a d u r i n g J u n e - S e p teniae r o f 
1979-80 . T h e i r d i s t r i b u t i o n i s b e i n g r e c o r d e d f o r t h e 
f i r s t t i m e , e s t i m a t i n g t h e i r abundance a t s i x t e e n s e l e c t e d 
c e n t r e s . Tak ing t h e number o f l a r v a e p e r c o l l e c t i o n a s t h e 
i n d e x o f abundance , t h e v a r i a t i o n i n abundance i s e s t i m a t e d . 
1 J J 
- , _ , Mr tapenaeus k u t c h e n s i s , LENGTH-VRIGHT RELATIONSHIP, 
OKHA, GUJARAT 
173. JOSEPH (A) and SONI (VC) . Length-weight r e la t ionsh ip and 
r e l a t i v e condition factory of prawn Metapenaeus Icutchensis 
(George, Geoerge and Rao), Indian J Fish; 33, ly 1986; 
127^9. 
The length-weight r e l a t ionsh ips of ^'fetapenaeus 
kutchensis differed in the se r i e s and, therefore separate 
equations were obtained; for male log w = 24.6 5 + 2.94 Log 1 
and for female log '^ = -28.79 + 3 . 3 5 Log L. The r e l a t i o n -
ship between length and weight was s ignif icant at ) . 1% 
(r = 0 , 9 4 for male and r =0 .94 for female) . The r e l a t i v e 
condition factor (Kn) changed dioring var ious months. 
-,-, PENAIUS INDIGUS, DIET, EFFICIENCY, CIPID. 
174. AHFiAD ALI (S) . . Relat ive e f f i c i enc ies of d i f ferent l i p i d 
and l i p i d l e v e l s in the dietof the prawn Penaeus indicus, 
Indian J Fish; 37, 2; 1990, Jun; 119-28. 
Inves t iga t ion on the effect of the l i p i d level in 
the d i e t on thsgrowth of prawn, Panneus indicus, FCR and 
survival of the prawn have shown tha t the d ie t having 6% 
l i p i d produced higher growth (P / O.Ol) has FCR (Food 
conversion ra t io) and higher survival r a t e . While the 
Ih 
grov j th . FCR anc3 s u r v i v a l of t h e p rawns fed w i th t h e d i e t s 
h a v i n g l e s s t h a n 6% l i p i d , were p o o r , i f f e d wi th h i g h e r 
l i p i d d id no t show any improvements . Using a mixed l i p i d 
and c a r b o h y d r a t e in t h e r a t i o 1:7 shovjs t h e growth of pr?:v.'ns 
i n c r e a s e d and FCR improved wi th i n c r e a s e i n t h e d i e t a r y 
enGi^gy. ' ^ s s i g n i f i c a n c e of q u a l i t a t i v e end q u a n t i t a t i v e 
l i p i d r e q u i r e m e n t o f p rawns i n r e l a t i o n t o t h e c a l o r i f i c 
v a l u e o f t h e d i e t i s d i s c u s s e d . 
- , - , MULLET SEEDS, INTERTIDAL KiAMGROVE AREAS, WEST BENGAL 
1 7 5 . SINGH (H) . Easy and e f f i c i e n t method o f c o l l e c t i n g oravm 
and m u l l e t seed from t h e i n t e r t i d a l mangrove a r e a s , 
J Mar 13io Assoc I n d i a ; 8 3 , 12; 1991, J u n - D e c ; 146 -9 . 
Hoog ly -Ma t l ah e s t u a r i n e r.orrr^ilPx h a v i n g a t h i c k 
mangrove v e g e t a t i o n in t h e d e l t a i c Sunder 'oans s u p p o r t s 
t h e r i c h e s t c o l l e c t i o n g r o u n d s fo r seed of many economi -
c a l l y i m p o r t a n t f i s h and p r a w n s . V a r i o u s t y p e s of g e a r 
s e t a g a i n s t t h e t i d a l c u r r e n t s a r e used to c o l l e c t seed 
o f t h e c u l t i v a b l e s p e c i e s from t h e c o a s t a l w a t e r s . However, 
a d e v i c e t o c a p t u r e t h e youngones i s s t i l l l a c k i n g . Taking 
a d v a n t a g e , an easy and e f f i c i e n t method of t r a p p i n g and 
c o l l e c t i n g t i g e r prawn and m u l l e t from i n t e r f i i d a l mangrove 
mud f l a t s in t h e s u n d e r b a n a r e a s o f West Bengal ( I n d i a ) h a s 
b e e n d e v e l o p e d and i s d e s c r i b e d in t h i s c o m m u n i c a t i o n . 
i ii i 
_ , _ , OVARIES, FRESHWATER, e f f e c t o f , DIESEL 
1 7 6 . . SAIIBASIVA RAO ( S ) , 3AR0JINI (R) , J A Y A L A K S H M I (K) and 
NAGABHUSHANA (R) , E f f e c t of d i e s e l on t h e o v a r i e s o f 
f r e s h w a t e r prawn, J E n v i r o n B j o l ; 11, 4 ; 1990, Oc t ; 39 3 - 8 . 
F r e s h wate r pravms vjere exposed t o c h r o n i c concen -
t r a t i o n f o r d i e s e l f o r a p e r i o d of 28 d a y s . T h i s exposixre 
c a u s e d d e c r e a s e in o v a r i e n i ndex , i n h i b i t i o n of g e r m i n a t i v 
zone , e g e n e r a t i o n of Oogon ia l c e l l s and a v i t e l l o a e n i c 
o o c y t e s in immature p rawns , v i i e r e a s in m a t u r i n g p rawns 
s h r i n l o g e of ooplasm, n e c r o t i c n u c l e i l a c k of d i s t i n c t 
n u c l e u s in v i t e l l o g e n i c o o c y t e s was n o t e d . 
_, _, PARAPENDAEOPSIS ACCLIMYOSTRIS, BIOLOGY, GOA 
1 7 7 . THOMAS (PA). Prawns o f Goa wi th a n o t e on t h e b i o l o g y of 
P a r a p e n a e o p s i s a c c l i v i r o s b r i s ( ^ I c o c k ) , I n d i a n J F i s h ; 
33, 3 ; 1986, Sep; 3 5 1 - 8 . 
D i s c a r d e d f r a c t i o n s o f t h e commerc ia l l a n d i n g a long 
t h e c o a s t s of Goa were found t o c o n t a i n b o t h young o n e s 
and a d u l t of s e v e r a l s p e c i e s o f p r a w n s vihich seldom f i g u r e 
e i t h e r i n c a t c h o r among c o n p o n e n t s p e c i e s t a k e n t o 
c o n s t i t u t e t h e c a t c h . O b s e r v a t d o n s p r e a d o v e r a p e r i o d 
8 y e a r s r e c o r d t h e p r e s e n c e o f a b o u t 2 8 s p e c i e s o f p r a w n ^ 
sh imps i n t h i s t e r r i t o r y . Specimen were o b t a i n e d r e g u l a r l y 
un 
though in very small numbers from 2 5 t o 4 5 meter dep ths 
du r ing the pe r iod December 1972 t o May 1973. 
- / P u n t i u s t i e t o , GILLS, HlSTOPATHOLOGICiSL CHANGES, 
LABORATORY QDNDOTTIONS, KHAN RIVER WATER 
1 7 8 . CHOUHAN (MS) and PAiqDEY (AK) . H i s t o p a t h o l o g i c a l changes in 
t h e g i l l s o f P u n t i u s t i e t n f o l l o w i n g Khan r i v e r wa te r 
e x p o s u r e under a i rbien^ l a b o r a t o r y c o n d i t i o n s , J Env i ron B i o l ; 
8, 2; 1987, Apr; 1 2 1 - 7 . 
G i l l t i s s u e o f m a t u r e P u n t i u s t i Q t o exposed f o r 30 
d a y s t o Khan r i v e r wa te r r e v e a l e d s e v e r e d e f o r m i t i e s 
s e c o n d a r y l a m e l l a s and p r i m a r y f i l a m e n t s showed h y p e r p l a s i a 
when compared to t he g i l l s o f c o n t r o l f i s h k e p t i n pond 
w a t e r . The p r i m a r y f i l a m e n t s o f some spec imen a l s o e x h i b i t e d 
a n e u r y s m s . The r e s u l t s c o n s i d e r a b l e c h e m i c a l s t r e s s on f i s h 
p o p u l a t i o n a f t e r d i l u t i o n and n a t u r a l p u r i f i c a t i o n i n t h e 
f low o f r i v e r wa te r u p t o U j j a i n . 
- , RAINOW TROUT, SPFRMATOZOA, EGG, QUALITY, FERTIUTY, 
CR YO PRES ER VAT 10 N 
179. 3AVNES (SM) and SCOIT (AP) . Cryoprese rva t ion of rainbov; 
t r o u t spermatozoa: the i n f luence of sperm q u a l i t y , egg 
q u a l i t y and ex t ende r composit ion on pos t - thaw f e r t i l i t y , 
Acfuaculture? 66, 1; 1987, Oct; 53-67. 
Presence of 5% t o 20% h e n ' s egg yolk in a suc rose -
in 
b a s e d e x t e n d e r s i g n i f i c a n t l y improved p o s t - t h a w 
f e r t i l i t y o f c r y p r e s e r v e d r a i n b o w t r o u t spe rma tozoa 
compared t o when t h e e x t e n d e r w i t h o u t h e n ' s egg f o l k 
was u s e d . The d e g r e e of cry-) p r o t e c t i on associafced w i t h 
h e n ' s egg y o l k was a f f e c t e d by t h e q u a l i t y o f t h e m i l t . 
C o n s i d e r a b l e v a r i a t i o n was d e t e c t e d i n t h e p e r f o r m a n c e 
of v a r i o u s b a t c h e s o f t r o u t e g g s u s e d t o t e s t p o s t - t h a w 
f e r t i l i t y . D e s p i t e t h i s v a r i a t i o n , t h e e x t e n d e r 
c o n t a i n i n g 10% h e n ' s egg y o l k c o n s i s t e n t l y gave h i g h 
p o s t - t h a w f e r t i l i t y i n s a m p l e s o f c r y o p r e s e r v e d m i l t 
i n t h i r t y r e p l i c a t e d t r i a l s . As such, t h e method 
d e s c r i t j e d i s r e l i a b l e fo r c r y o p r e s e r v i n g r a inbow t r o u t 
m i l t and f e r t i l i z i n g sma l l number o f e g g s . 
- , REARING, O P T I K A L , F I N G E R L I N G S , CARP FRY 
1 8 0 . SHIRGUR (GA) . Carp Fry t o f i n g e r l i n g s : Opt imal r e a r i n g . 
F i s h Chimes d.1. 2; 1991; 6 5 - 8 . 
The optimum r e a r i n g o f c a r p ( c y p r i n i d a e ) from f ry 
t o f i n g e r l i n g i s o u t l i n e d . Cbniiion c a r p , g r a s s c a r p , 
I n d i a n e a r n s s e r e u sed in r e a r i n g , s t u d i e d . D e t a i l o f 
h y d r o b i o l o g i c a i f a c t o r s , g rowth and s t o c k i n g r a t e s 
a r e p r o v i d e d . 
i:i^ 
-, RIVER SYSTEM, FISH CATCHES, POTENTIALITIES AND 
CONSERVATION, BIHAR 
1 8 1 . AHMAD (SH) and SINGH (AK) . R i v e r s y s t e m s o f B i h a r : 
Scope , p r o s p e c t s p o t e n t i a l i t i e s and c o n s e r v a t i o n o f 
c a p t u r e f i s h e r i e s , F j s h Ch i r r ^ ; ! ! / 8; 1991; 5 1 - 6 . 
The r i v e r s y s t e m s of B i h a r , I n d i a i s examined 
a c c o u n t i n g p o t e n t i a l f o r f i s h e r i e s d e v e l o p m e n t . There 
i s g r e a t s cope f o r improv ing f i s h p r o d u c t i o n i n t h e s e 
r i v e r s y s t e m s . I m p o r t a n t m e a s u r e s a r e d i s c u s s e d t o 
c o n s e r v e t h e f i s h g e n e t i c r e s o u r c e s . 
_, ROUGH TAIL, STING RAY, D a s y a t i s c i n t r o u r a , OCCURANCE 
182 . SILAS (EG) and SELVARAJ (GSD) . On t h e o c c u r r e n c e of t h e 
rough t a i l s t i n g - r a y D a s y a t i s c e n t r o u r a i n I n d i a n w a t e r s , 
I n d i a n J F i s h ; 3 2, 2; 198 5, J u n ; 2 4 8 - 5 5 . 
R o u g h - t a i l s t i n g r a y ; D a y a t i s c e n t r o u r a ( m i t c h i l l ) , 
i s r e c o r d e d fo r t h e f i r s t t ime from I n d i a n v ; a t e r s , A 
d e s c r i p t i o n o f t h e s p e c i e s b a s e d on a male m e a s u r i n g 
24 2 cm in l e n g t h , o b t a i n e d d u r i n g an e x p l o r a t o r y t r a y l i n g 
by M.V. B i u e f i n from t h e upper c o n t i n e n t a l s l o p e o f f 
t h e west c o a s t o f I n d i a , i s g i v e n w i t h i l l u s t r a t i o n . 
l a : 
- , RURAL, DEVELOPMEOT 
1 8 3 . CHAUHAN (DPS). Development o f r u r a l a q u a c u l t u r e , Fi:.h Chimes: 
11 , 4 ; 1991; 3 S - 6 . 
The deve lopment o f f i s h f a rming i n v i l l a g e t a n k s / 
p o n d s i n I n d i a can p l a y a v i t a l r o l e i n t h e e r a d i c a t i o n 
o f m a l n u t r i t i o n among t h e r u r a l p o o r , g e n e r a t i n g a d d i t i o n a l 
income. The r o l e p l a y e d by F i s h F a r m e r ' s Developmenta l 
A g e n c i e s in p o p u l a r i z i n g a q u a c u l t u r e t e c h n o l o g y i n I n d i a 
i s d i s c u s s e d by g i v i n g d e t a i l s of c r e d i t , t r a i n i n g and 
e x t e n s i o n si:c)port t o t h e f i s h f a r m e r s . 
- , - , DRINKING VJATER, POLLUTION, COLIFORM SP, AilTI 
BIOTIC RESISTANT 
1 8 4 . RAICrEKE (PW), PATHAK (SP) and 3HATTACHERJEE (JW) . 
I s o l a t i o n o f a n t i b i o t i c r e s i s t a n t c o l i f o r m Sp, from 
r u r a l d r i n k i n g w a t e r , J E n v i r o n Bjo? 12, 2; 1991, Apr; 
1 5 3 - 8 , 
C o n f o r m s i s o l a t e s from d i f f e r e n t d r i n k i n g w a t e r 
s o u r c e s were i d e n t i f i e d up to g e n e r i c l e v e l and s t u d i e d 
f o r a n t i b i o t i c r e s i s t a n c e . R e s i s t a n c e t o a m p l i c i l l 6 n 
was found more p r e v a l e n t among t h e C o l i f o r m i s o l a t e s . 
The s i g n i f i c a n c e of t he r e s u l t s a r e d i s c u s s e d i n t h e 
l i g h t of p u b l i c h e a l t h p r o b l e m . 
if);. 
- , SALI^N, DIETS, CAROTENOIDS7 ASTAXATrTHIK, D I P A L M I T A T E , 
AND CANTHAXANTHIN, PIGMENTATION 
1 8 5 . STOREBAl<KEN (T) , FOSS (P) , SCHIEDT (K) and MANZ (U) . 
C a r o t e n o i d s in d i e t s f o r s a l m o n i d s . r / . P i g m e n t a t i o n 
o f A t l a n t i c Salmon wi th a s t a x a n t h i n , a s t x a n t h i n 
d i p a l m i t a t e and c a n t h a x a n t h i n , Acruaculture? 65, 3 / 4 ; 
1987, Sep, 15; 279-9 2. 
D i e t s supp lemen ted wi th s y n t h e t i c , a s t a x a n t h i n 
d i p a l m i t a t e and c a n t h a x a n t h i n a t c o n c e n t r a t i o n o f 0/ 30, 
60 and 90 mg/kg fed t o A t l a n t i c Salmon (Salmp S a l a r L. ) 
f o r 56 weeks . The mean i n i t i a l and f i n a l f i s h w e i g h t s 
were 6 2 and 406g . The f l e s h p i g m e n t a t i o n i n c r e a s e d wi th 
i n c r e a s i n g d i e t a r y c a r o t e n o i d c o n c e n t r a t i o n . The v i s u a l 
a s s e s s m e n t s o f f l e s h c o l o u r by means of a c o l o u r s c a l e 
c o r r e l a t e d we l l w i t h t h e c h e m i c a l d e t e r m i n a t i o n . The 
c a r o t e n o i d c o n t e n t of t h e s k i n was h i g h e r f o r t h e f i s h 
f e d d i e t s c o n t a i n i n g c a r o t e n o i d s t h a n f o r t h e c o n t r o l 
g r o u p g . 
- , - , DISEASES, P/^ASITES 
1 8 6 . soiVER (SM) and THOMPSON (AB) . H a t c h i n g o f t h e p a c i f i c 
Salrron l e a c h from cocoons exposed t o v a r i o u s t r e a t m e n t s , 
A q u a c u l t u r e ; 66 , 1; 1987, O c t ; 1-8. 
Cocoons of Salmon l e e c h d e p o s i t e d on r o c k s by 
v.), 
c a p t i v e l eeches vjere incubated in t anks suppl ied with 
con t inuous ly flevying well water a t S-lO^c. The pe rcen-
t a g e of l e e c h e s t h a t hatched from cocoons t h a t were 
t r e a t e d with r e s i d u a l c h l o r i n e c o n c e n t r a t i o n was not 
s t a t i s t i c a l l y d i f f e r e n t from t h e pe rcen t age t h a t ha tched 
from u n t r e a t e d c o n t r o l cocoons. Cocoons t r e a t e d with 
TRC c o n c e n t r a t i o n g ive b e t t e r r e s u l t of c o n t r o l s . There 
i s r educ t ion in number of hatched l e e c h e s of cocoons 
a r e exposed t o a i r a t 20 °c and 80% r e l a t i v e humidity 
for 24h. No l e a c h e s hatched from cocoons sub jec ted to 
f r e e z i n g in or out of water at - S ' c for 7 days . Leaches 
h a t c h e s over a pe r i od of about 152 days and experiment 
was synchronious with the ha tch ing of "v^ild" l e e c h e s 
i n t h e f i e l d . 
-,-,-, CAROTSNOIDS, PIGMENTATION 
187. FOSS (P), STOREBAKKEN (T) and L I A A E N - J E N S E (S) . 
Caro teno ids in d i e t for Salirvonids v' .Pigmentation of 
rainbov; t r o u t and sea t r o u t with a s t a x a n t h i n and 
a s t a x a n t h i n d i p a l m i t a t e in comparison with can thaxenth in , 
Aguaculture? 6 5, 3/4; 1987, Sep; 15; 293-30 5. 
Rainbov.' t r o u t and sea t r o u t , kept in f resh water, 
were fed d i e t s con ta in ing e i t h e r 30 mg s y n t h e t i c 
a s t a x a n t h i n p l o s 30 mg can t axan th in . The f l e s h was more 
e f f i c i e n t l y pigmented in rainbow t r o u t then in sea 
t r o u t , Astaxanthin and can taxan th in were depos i t ed to 
I^i 
the same extent when fed in mixture. High values for 
apparent d i g e s t i b i l i t y of the carothenoides were found. 
Analysis of the op t ica l isomers of astaxenthin and a 
reduced level of astaxenthin in both rainbow t rou t and 
sea t rou t fed the d ie t containing astaxanthin 
d ipa lmi ta t s . 
- , -^ardinella Sirm, LIFE, HISTORY, VIZHIN JAM 
188. LAZARUS (S) . Studies on the early l i f e h i s tory of 
Sardinel la sirm from Vizhinjam, South V.'est coast of 
India, Indian J Fjsh; 34, 1; 1987, Mar? 28-40, 
Early l i f e h i s tory of ^ard ine l la sirm has been 
studied upto the pro larva l stage by rearing the f e r t i -
l i zed eggs col lected from the plankton. The prolarvae 
a t t a ined a maximum length of 3.79 mm around 24h offer 
hatching. Subsequent la rval stages, ranging in s ize 
from 4.69 to 30.0 rrm. Collected from the plankton as 
well as from the shore seine catches^ have been 
i l l u s t r a t e d and described. 
Ui 
- , SEA 3ASS, JUVENILE, DIET, METHIONINE, CYSTIN 
1 8 9 . HIDALGO (F) , ALLIOT (E) andTHEBAULT ( H ) . M e t h i o n i n e -
and c y s t i n e - s u p p l e m e n t e d d i e t s fo r J u v e n i l e sea b a s s , 
A q u a c u l t u r e ; 64 , 1; 1989, J u l y ; 2 0 9 - 1 7 . 
Gro\'rt;h s t u d i e s i n d i c a t e d t h a t m e t h i o n i n e d e c i -
c i e n t d i e t can b e s u p p l e m e n t e d wi th t h e f r e e s u l p h u r 
amino a c i d s , m e t h i o n i n e and c y s t i n e . The b e s t g rowth 
r a t e was o b t a i n e d wi th t h e d i e t s fo r which t h e s u p p l e -
mented m e t h i o n i n e ; c y s t i n e r a t i o was 2 0 : 0 0 . The serum 
f r e e m e t h i o n i n e i n c r e a s e d wi th supp lemen ted m e t h i o n i n e 
c o n t e n t i n t h e d i e t . The serum f r e e c y s t i n e d i d no t 
e x h i b i t such a r e l a t i o n s h i p . The b e s t g rowth r a t e and 
food c o n v e r s i o n were o b t a i n e d wi th t h e d i e t c o n t a i n i n g 
0 . 9 1 % m e t h i o n i n e , 1.29% c y s t i n e and a m e t h i o n i n e 
c y s t i n e r a t i o o f 36:64 on a s u l p h u r molar b a s i s . 
_ , SEA BASS, JUVENILE, FOOD INTAKE e f f e c t o f ViATER 
TEMPERATURE 
190. HIDALGO (F) , ALLIOT (E) and THEBAULT (H) . In f luence 
of water t empera ture on food in t ake food e f f i c i e n c y and 
g r o s s conpos i t i on of J u v e n i l e sea Bass, Aquacul ture ; 
64, 1; 1987, J u l y ; 199-207. 
Optimum r a t i o in r e l a t i o n t o water t e n p e r a t u r e 
h a s been determined for j u v e n i l e sea b a s s . Fish were 
r e a r e d a t 15 and 20 ° c . The s p o n t a n e o u s food i n t a k e 
v;as p o s i t i v e l y r e l a t e d t o t e m p e r a t u r e . Four d a i l y 
r a t i o n s were t e s t e d a t b o t h t e n p e r a t ' . i r e s . The optimum 
r a t i o n s were 1.7% a t 20*0 and 1.2% a t 15°c f o r f i s h 
we igh ing 20-30g . The i n c r e a s i n g o f t e m p e r a t u r e i r tproved 
growth and g r o s s c o n v e r s i o n e f f i c i e n c y b u t no t g r o s s 
p r o t e i n e f f i c i e n c y . The r e s u l t s a r e d i s c u s s e d i n t e r n a l 
e n e r g y u t i l i z a t i o n . 
- , SEA VN/ATER, SEMIDIURAL VARIATION, GOCHINE, ESTUARINE, 
HARBOUR, TROPICAL 
1 9 1 . SU1\TDERESAI^ ] (J) . S e m i d i u r a l v a r i a t i o n i n d i l u t i o n of 
s e a wate r a t Cochin h a r b o u r - a t r o p i c a l e s t u a r i n e 
h a r b o u r , I n d i a n J F j s h ; 37, 4 ; 1990; 3 6 7 - 9 . 
Changes in f r e s h wate r f r a c t i o n a t t h e s u r f a c e 
m i d d l e and bot<bom w a t e r s o f Cochin h a r b o u r a r e a a r e 
s t u d i e d d u r i n g s p r i n g t i d e and n e e p t i d e . Dur ing s p r i n g t i d e 
t h e s u r f a c e w a t e r s o f t h e i n n e r c h a n n e l s e x h i b i t s 
g r a d u a l changes in f r e s h water f r a c t i o n r e l a t i v e t o 
c u t . Mid wate r f r e s h wa te r f r a c t i o n c h a n g e s a r e more 
i n symmetry w i th t h e t i d e and t h e c h a n g e s a r e maximum 
a t Ernakulam c h a n n e l i n s p r i n g t i d e . The i n c u r s i o n o f 
c o a s t a l s a l i n e wate r was o b s e r v e d t o b e p r o m i n e n t a t 
t h e mide wa te r l e v e l s d u r i n g r e a p t i d e . Low f r e s h w a t e r 
f r a c t i o n i s p r e s e n t a t " 'ot tom wa te r of a l l t h e s t a t i o n s 
d u r i n g n e a p t i d e . 
ZOii 
- , SILLUROID CATFISH, C j a r i a s b a t r a c h u s . PROTEINS, 
ABSORPTION, EFFICIENCY 
1 9 2 . SIITGH (R) and SINGH (RP) . E f f e c t o f d i f f e r e n t l e v e l s 
o f p r o t e i n s on t h e a b s o r p t i o n e f f i c i e n c y i n s i l l u r o i d 
^ ^ t f i s h ( C i a r i a s b a t r a c h u s (Kinn) , J Acfua C u l t ; 44, 1; 
Mar, 199 2; 3 - 6 . 
c a t f i s h ( C i a r i a s 1 -a t t rachus) was fed two t i m e s 
d a i l y morning and e v e n i n g wi th f i s h p e l l e t s c o n t a i n i n g 
d i f f e r e n t l«V9l o f p r o t e i n , •^^bsorption e f f i c i e n c y was 
r e c o r d e d . I n c r e a s e i n t h e d i e t a r y l e v e l was a s s o c i a t e d 
w i th a s i g n i f i c a n t i n c r e a s e in a b s o r p t i o n e f f i c i e n c y . 
- , SrlEATFlSH, ARTIFICIAL PRCPAGATION, FERTILIZATION, 
EGG, SPERMATO ZA, IMi'lO3 ILIZAT10N 
1 9 3 . LTNHART (G) , KCURIL (J) and IIAT-iACKOVA (J) . I n c r e a s e d 
r a t e of egg f e r t i l i z a t i o n in a r t i f i c i a l p r o p a g a t i o n on 
s h e a t f i s h by means of s u p p r e s s i n g t h e movements o f 
s p e r m a t o z o a v^ith i m m o b i l i z a t i o n s o l u t i o n , ^ c m a c u l t u r e ? 
6 5, 3 / 4 ; 1987, Sgp, 15; 3 5 3 - 8 . 
In t e s t i n y t h e e f f e c t o f a c t i v a t i o n s o l u t i o n in 
a r t i f i c i a l p r o p a g a t i o n of s h e a t f i s h t h e h i g h e s t f e r t i l i -
z a t i o n r a t e s were found fo r Nacl s o l u t i o n with an 
o s m o t i c c o n c e n t r a t i o n o f 70 m osmol and for f r e s h vjater, 
r e s p e c t i v e l y . The f e r t i l i z a t i o n r a t e was r e d u c e d by an 
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i n c r e a s e in Na Ci c o n c e n t r a t i o n above 70m o s m o l . The 
h i g h e s t f e r t i l i s a t i o n r a t e (85.1%) and t h e h i g h e s t 
h a t c h i n g r a t e o f s a c f r y (67.1%) were found wi th sperm 
i m m o b i l i z i n g s o l u t i o n added t o t h e m i l t . 
- , SHRIMP CULTURE^ FEED, CHICKEN VISCERA 
1 9 4 . N03LS (A) and i^DKAPETRA (BC) . Ch icken v i s c e r a : P o t e n t i a l 
c h e a p feed i n shr imp c u l t u r e , Fj^sh Chimes i l l , 8? 1991; 4 8 - 9 . 
Prawn seed and n u t r i t i o n a l l y b a l a n c e d compounded 
f e e d a r e t h e b a s e r e q u i r e m e n t o f shr imp f a r m i n g . For 
b a l a n c e d i e t a r t i f i c i a l f e e d i n g i s n e c e s s a r y . The 
p o s s i b l e u s e of c h i c k e n v i e r a a s a cheap and r e a d i l y 
a v a i l a b l e nev; m a t e r i a l f o r shr imp f eed in I n d i a i s 
examined . 
_^ , PROJECTS, FARM SCALE FEED TRIALS, AP, POLEKURRU, 
1990-91 
1 9 5 , RAJU (PSN) . Farm s c a l e feed t r i a l s a t g o v t , shr imn 
c u l t u r e p r o j e c t , AP P o l e k u r r u , 1990-91 , F j s h Chimes; 
11, 2; 1991; 5 3 - 5 . 
Shrimp c u l t u r e t r i a l s c o n d u c t e d in P o l e Kurru , 
Andhra P r a d e s h , I n d i a i n o r d e r t o d e v e l o p b a l a n c e d 
f e e d s a t r e a s o n a b l e c o s t . Penaeus mo no don s e e d v^ere 
s t o c k e d in ponds and 3 d i f f e r e n t f eed were used f o r 
t h e c u l t u r e t r i a l s p e l l e t e d feed^OPA mash ( d r y 
p o w d e r form) a n d l o c a l wet f e e d a n d f u r t h e r t r i a l s 
w e r e c o n d u c t e d , 
- , SHRIMP FARM, TASPARC, AMDHRA PRADESH, NELLORE 
1 9 6 . HARAN (M) , SURENDRA:-: ( V ) , REDDY (KK) a n d RAO (VS) . 
TASPARC s h r i m p f a r m : A s u c c e s s s t o r y on s c i e n t i f i c 
s h r i m p f a r m i n g . F i s h Chfrngg' 12, 1; 1 9 9 2 ; 3 4 - 5 . 
I m p l e m e n t a t i o n o f a p r o j e c t o n s e m i - i n t e n s i v e 
s h r i m p f a r m i n g a t TASpARC, N e l l o r e , Andhra P r a d e s h , 
I n d i a a r e d e t a i l e d . O p e r a t i o n a l t e c h n q i e u s r o u t i n e s 
a r e d e s c r i b e d and t h e r e s u l t o f t w o s u c c e s s f u l c r o p s 
a r e d i s c u s s e d . 
- , SHRIMP FEED, MANUFACTURE, NE';,' DELHI, INDIA 
1 9 7 . NAGPAL (N) . E x p e r i e n c e s o f shrinrrp f e e d m a n u f a c t u r e r 
i n I n d i a , P j s h Cj-jmg .^ 11, 5; 1991; 2 5 - 7 . 
The e x p e r i e n c e s a t Him Feed P r i v a t e L t d . o f 
New D e l h i , I n d i a r e g a r d i n g t h e p r o c u r e m e n t o f feed 
s t u f f s and p r o d u c t i o n of f eed f o r u s e i n t h e shr imp 
c u l t u r e i n d u s t r y . P rob lems of f e e d q u a l i t y and f a c t o r s 
a r e c o n s i d e r e d . 
I L'w 
- , SNAlrCEHEAD, INDIAN, CHANNA PUN CT AT US, TOXICITY, EL SAN 
198. RAO (KRS Sarribasiva) and RAo (KV Ramana), Toxicity of 
elsan to th= Indian snakehead Channa Punctatus. Indiaff._J 
Fish; 3 2, 2; 198 5, Jun; 153-8. 
Toxicity of Elsan to Channa Punctatus studied by 
the graphical method, was found to follow the nrobi t 
t '-eory. The LC^ was around 0.43 ppm/48h both ways, by 
sigmoid carve as well as by probi t l i n e . The ace ty l -
chol ines te rase a c t i v i t y in the f ish exposed to sublethal 
concentrat ion of Elsan decreased, suggesting derangement 
under tox ic s t r e s s . 
- , SNOWrRQUT, S r h i T v ^ t h n r a e l o n q i o i n n i s , .'5I0L0GY, BREEDING, 
KASHMIR, RIVER JHELUM 
199. SUNDER (S) . On the breeding biology of a snow t rou t , 
-^chizothorax longipinnis , from the River Jh el urn, Kashmir, 
Indian J Fish; 33, 2; 1986; 20 1-10. 
About 50>o of the f ish are found to mature at 
2 50 mm length. Fecundity per kg of body-weight i s 
estimated at 41,355. Relat ive Fecundity i s found to 
vary from 25 to 71 (X = 45 ova) . The bas is of p lo t t i ng 
ova-diamet§r-frequency palygons, seven maturity stages 
a re fixed in the snow t rou t of River Jhelum. 
- , SPINNY LOBSTER, P a n u l i r s P e n l c i l l l a t u s , RIVER, MADRAS 
2 0 0 . RADHAKRISHAK (EV) and SHAHUL HA.VESD (K) . On a r e c o r d of 
t h e s p i n y l o ' s t e r Panul i r u s p e n i c i l l a t u s O l i v i e r from 
Madras , I n d i a n J F i s h ; 37, 1; 1990, Mar; 7 3 - 5 . 
O c c u r r e n c e o f sp iny l o b s t e r o f f Madras i s a 
r e p o r t e d f o r t h e f i r s t t i m e . E igh t s p e c i e s of p a l i n u r l d 
l o b s t e r s , namely P a n u l i r u s ho mar u s and o t h e r s many a r e 
r e c o r d e d from I n d i a n w a f r s ' . h i l e four s p e c j e s form 
f a i r l y good f i s h e r y a r e c a u g h t i n smal l numbers . 
- , SPOTTED SEER, Scp ipberorTprus g u t t a t u s , FECUNDITY, 
SPA.wNING, MATURITY, GULF OF MANNAR 
2 0 1 . DEVRAJ (H) . M a t u r i t y , spawning and f e c u n d i t y o f t h e 
s p o t t e d s e e r ^comberomorus g u t t a t u s , in t h e c u l t o f 
Mannar and Pa lk Bay, I n d i a n J F j s h ; 34, 1; 1987, 
Mar; 4 8 - 7 7 . 
Ovary of s p o t t e d s e e r p a s s e s t h r o u g h 10 f i n e r 
m^ i tu r i t y s t a g e s . At J b e s i d e s a p a r t l y s p e n t s t a g e 
and qu ick t r a n s i t o r y s t a g e (G) G t o I o v a r i e s p o s s e s s 
two b a t c h e s . In a l l 2 .23 b a t c h e s of or a a^-e spawned each 
s e a s o n . Each a d u l t feamel t h u s t a k e s abou t 204 days t o 
c o m p l e t e t h e spavming p r o c e s s . F i r s t m a t u r i t y i s 
a t t a i n e d when t h e f i s h i s about400 mm in t o t a l l e n g t h . 
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Spawning extends from January to August re leasing a 
weak broad in January-Eebruary, a strong broad in 
;iarch-July and another in August. The spent adul t s 
migrate to the cent ra l Gulf of Mannar coast by November-
i^ecerriber. Spavining takes place around full moon period. 
The fecundity per every ton of spav^ming female i s 359. S 
mi l l ion . 
- , SOLE, Solea solea, SPAl-NING 
202, D_VA;;CHELLH; (N) , ALEXANDRE (JC) , LECORRE (N) andLETTY(Y), 
Spawning of sole (solea solea) in cap t iv i ty , Aqua Cult; 
66, 2; 1987, NQV, 1; 12 5-47. 
Sole eggs have been na tura l ly spawned and 
f e r t i l i z e d in capt iv i ty for the l a s t 12 years . Spawners 
su-mitted to natural temperature and photoperiod, produced 
17300000 egos in 229 different batches . Those for v;hich 
the spawning reason was shifted :?y a r t i f i c i a l combination 
of temperature and l i g h t , produced 1900000 eggs in 55 
different spawning. Each batch of eggs was closely o' served 
in order to study the optimal conditions required for 
game to genesis and spawning. This a r t i c l e gives data 
on egg weight, diameter, diochemical composition and 
v i a b i l i t y r a t e . The embryonic s a l i n i t y and temperature 
to le rance i s also discussed on the bas i s of experiments 
run in very eff ic ient automatic open water c i rcu la t ion 
incubator . 
2u 
- , STRIPED MULLET, M u q i l C e p h a l u s . ECOLOGY, FINE PARTICLE 
2 0 3 . ODUM (Wi l l i am E) . E c o l o g i c a l s i g n i f i c a n c e of f i n e o a r t i c l e 
s e l e c t i o n by t h e s t r i p e d m u l l e t Muqjl c e p h a l u s , Limno 1 
Qceanoq? 13, 1; 1968, J a n ; 9 2 - 8 . 
By t r a c e r e x p e r i m e n t s u s i n g 3 2p and a compar i son 
o f sed iment and stomach c o n t e n t p a r t i c l e s i z e s , Mugil 
c e p h a l u s l i n n a e u s i s shovm t o p r e f e r v e r y f i n e p a r t i c l e s 
wherever s e d i m e n t s a r e i n v o l v e d in f e e d i n g . I t i s 
s u g g e s t e d t h a t t h e s e s m a l l i n o r g a n i c and p l a n t d e t r i a l 
se(^iment p a r t i c l e s a r e much r i c h e r b o t h in o b s e r v e d 
o r g a n i c m a t e r i a l and in a d s o r b e d b a c t e r i a , p r o t o z o a , 
and o t h e r micro o r g a n i s m t h a n t h e c o a r s e r m a t e r i a l 
t h a t t h e m u l l e t r e j e c t s . The s e l e c t i v i t y r e s u l t s i n 
s u b s t a n t i a l l y h i g h e r o r g a n i c v a l u e s o f t h e s tomach 
c o n t e n t s t h a n of t h e s e d i m e n t s . 
- , STURGOK, LARVAE, REARIi:G, METABOLISM, AMINO ACID, 
ABSORPTION 
2 0 4 . DABRO'/SKI (K) , KAUSHIK (SJ) and FAUCOMNEAU (B) . R e a r i n g 
o f s t i j rgon l e r v a e . I I I . N i t r o g e n and ene rgy m e t a b o l i s m 
and aminoac id a b s o r p t i o n , Acruaculture? 6 5 , 1 ; 1987, 
Aug; 15; 3 1 - 4 1 . 
S t u r g e o n j u v e n i l e s o f f e r e d e i t h e r n a t u r a l food 
o r v a r i o u s dry foods were u s e d t o a n a l y s e ammonia e x o r t i o n 
2ii 
and oxygen c o n s u m p t i o n . An i n c r e a s e i n oxygen consump-
t i o n and ammonia e x c r e t i o n was v i s i b l e o n l y in t h e 
g r o u p s o f f e r e d l i v e food and good q u a l i t y o f dry food . 
S t u r g e n o f f e r e d a s e m i - p u r i f i e d , c a s e u n g e l a t i n d i e t 
had a h i g h i n c r e a s e in p o s t p r a n d i a l ammonia e x c r e t i o n 
w i t h o n l y a n e g l i g i b l e i n c r e a s e s in oxygen consumpt ion . 
The n i t r o g e n b u d g e t s s u g g e s t e d t h a t p r o t e i n from a l i v e 
food s o u r c e i s c a t a b o l i z e d t o a h i g h e r d e g r e e . The 
amino a c i d a b s o r p i t d o n was e x c e l l e n t when l i v e food 
v^ a s o f f e r e d . The f i s h p e r fo rme d worse on t h e semi-
p u r i f i e d d i e t . 
- , THERAPON PERCHES PICES, OSTEOLOGY 
2 0 5 . VASAKTH (V) and RSDDY (p S i t a R a m i ) . On t h e o s t e o l o g y 
o f t h e r a p o n p e r c h e s p i c e s (The rapon idae ) , Therapon p u t a, 
T J a r b u a . T t h e r a p s _and P e l a t e s q u a d r i l i n e a t u s , I n d i a n 
J F i sh? 34, 1; 1987, Mar; 1-19. 
O s t e o l o g i c a l s t u d i e s on t h e Therapon p e r c h e s 
The rapon p u t a , T -j a r b u a , T t h e r a p s and P e l a t e s 
q u a d r i l i n e a t u s r e v e a l e d s i m i l a r i t i e s and d i s s i m i l a r i -
t i e s i n b o t h t h e a x u a l and t h e a p p e n d i c u l a r s k e l e t o n . 
The u t i l i t y o f c o m p a r a t i v e o s t e o l o g y in t h e taxonomy of 
t h e r a o o n o e r c h e s i s d i s c u s s e d . 
Z'^ •' 
-, THREAD FIN SAEAMS, DISTRIBUTION, NORTH TAMIL NADU 
AND SO'JTH ANDHRA CCAST 
2 0 6 . VIVEKANAK^AM (L) . D i s t r i b u t i o n p a t t e r n of t h r e a ^ t i n 
b r e a m s a l o n g n o r t h Tamil and South Andhra Cbafets, 
I n d i a n J F j s h ; 37, 4 ; 1990; 269-80 , 
Ca tch r a t e a l s o b i o m a s s of t h r e a d f i n b reams v;ere 
e s t i m a t e d fo r n o r t h Tamil Nadu-South Andhra "^©ast b a s e d 
o n e x p l o r a t o r y t r a w l i n g . In t h e e n t i r e r e g i o n t h e c a t c h 
r a t e was 2 ,2 kgAi r and b i o m a s s wasO.OOltAm . Thread 
f i n breams o c c u r e d u o t o a dep th of 220m and t h e h i g h e s t 
c a t c h r a t e o f 7 1 , 7 k g / h r was o b t a i n e d in 10 1-110 m 
d e p t h . Of t h e 5 s p e c i e s t h a t c o n s t i t u t e d t h e t h r e a t s fun 
b ream c a t c h , Nemlp t e ru s l a o o n i e u s formed 55. 1% About 
78% o f li 1 a p o n i e u a in 6-10m dep th was immature and t h e 
p e r c e n t a g e o f i i m a t u r e i n d i v i d u a l d e c r e a s e d wi th 
i n c r e a s i n g dep th . With i n c r e a s i n g d e p t h , t h e p e r c e n t a g e 
of f ema le wi th r i p e o v a r y i n c r e a s e d , K l a p o n i e u s in 
s h a l l o w w a t e r s vjere o b s e r v e d t o f e e d m o s t l y on p r awns 
and t h o s e i n deepe r m o s t l y on f i s h and c r a b . 
Z1/ ti 
- , T ILAPA,_g n i t o t i c u s , DIGESTION, FEEDING, POOD STUFFS 
207. HAKX,EY (F) . D iges t i b i l i t y of food stuffs and the effects 
of feeding s e l ec t i v i t y on d i g e s t i b i l i t y determination in 
t i l a p a , 0 n i to t i eus , Aouaculture; 66, 2; 19 87, Nov, 1; 
163-79. 
Finger sized male of Nile t i l a p a in aquaria 
received essen t i a l ly single ingredient d i e t s containing 
approximately 30'° of the t e s t food stixff, at a r a t e of 
3% of wet body weight per day. The Q n i t o t i e u s feed 
p re fe ren t i a l on cer ta in dietary components, differences 
in the level of crude pro te in and gross energy and of 
the indicator , were found between samples of food taken 
from the diet , and from the stomach contents of f ishes 
receiving these d i e t s . These differences were found to 
r e s u l t in va r ia t ion of 0.2% - 28,05'o between estimation 
of the d iges t i i l i t y coef f ic ien ts ca lcula ted from 
nut r ien t indicator r a t i o s in the d ie t and in the 
stomach contents . The d i g e s t i b i l i t y coef f ic ien ts for 
p ro te in were; Soyabean meal (91%), f ish raeai (86/°), 
ground corn (83%), Vvheat middlings (7 5%), Poultry-
of fa l meal (74%) and brewers grain (63%) . The prote in 
and energy of the animal based food s tuf fs were more 
avai lable to 0 n i l o t i c u s t'nan tha t of the plant based 
food s tu f f s . 
zu 
- , T I L A P I A , F E E D S , P E L L E T E D , 3L00D ME/^, CAGES, BAISOO 
NET, FLOATING 
208. OTUBUSiN (S) . Effects of different l eve l s of blood meal 
in pe l le ted feeds on t i l a p i a , production in f loat ing of 
bamboo net cages. Aqua culture? 6 5, 3/4; 1987, •^ep, 15; 
263-6. 
Paper repor ts the preliminary r e s u l t s obtained 
from rear ing Qreochromis (B Tiiapia) n i l o t i c u s f inger-
3 l i n g s at a r a t e of 100/m in f loat ing bamboo net cages 
for 120 days to evaluate the effect of varying l e v e l s 
(50%, 25% and 10%) at blood meal in feeds. The pe l le ted 
feeds were fed at r a t e s of 10%, S^ and 3% of the fish 
biomass. The feed containing 10% blood meal x^ as the 
most e f f ic ien t in term of t o t a l f ish production, average 
weight gain and average f inal fish weight. 
- , TRAVEL CATCHES, i n f l u e n c e of , O C E A N O G R A P H I C FACTORS, 
MALPE, SOUTH K A R N A T A K A . 
209, PAI (Raghuvendra) and REDDY (MPM) . Influence of cer ta in 
oceanographic factorson the trawl catches aft Malpe, 
south Kernataka, Indian J ^ish; 3 2, 2; 198 5, Jun; 159-73. 
I-bnthwise and depthwise va r i a t i ons of d i f ferent 
groups of demersal f ishes encountered in the trawl 
catches off i-'ialpe region are presented. A pos i t i ve 
Zl 
c o r r e l a t i o n was observed between bottom water t empera ture 
and trai^l ca tch , while the low oxygen content recorded 
dur ing c e r t a i n months, as a r e s u l t uowel l ing along t h i s 
p a r t of t h e cos t , was found t o be one of t h e f a c t o r s 
r e s p o n s i b l e for t h e decrease in t rawl c a t c h . 
_, TRENOTSD SARDINE s a rd ine l l a sirm, 3IOL0GY, SPAV^ fi^ JIuG 
210. LAZARUS (S) . S t u d i e s on t h e spawning b io logy of t h e 
t r enched Sardine , Sarr^inpTi a sirm, from Vi^hinzam, South-
West Coast of Ind ia , Indian J ^ i sh ; 37, 4; 1990; 3 3 5-46. 
S a r d i n e l l a sirm would sp^wn not only in s p u r t s 
bu t a lso nonsynchroni c a l l y . Presence of more than two 
d i s t i n c t b a t c h e s of ova in the o v a r i e s i n d i c a t e d t h a t 
t h e f i s h spav.ns tw ice in season. Spav.Tiing season extend 
from December to ^"'ebruary off ^ i z h i n i j .-a-^ i. FeT.ales 
a t t a i n e d matu r i ty a t a l a r g e r s ize than males. The 
o v e r a l l s e x - r a t i o was unequal and females predominated 
from 10 5 mm s i z e onwards. Fecundiety shov^ed a wide 
range of v a r i a t i o n from 21.5 t o 132.9 thousands and 
spavining m i a r a t i o n . 
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- / T r l c h l u r u s l e p t l r u s h, GROV/m, AGE, MORTALITY, 
FISHERY, 30I-EAY WATER 
2 1 1 , CHAKRABORTY (Sushan t Kumar) . F i s h e r y , age , growth and 
m o r t a l i t y e s t i m a t e s of T r i c h i u r u s l e p t u r u s L. from 
Bombay w a t e r s , I n d i a n J F i s h ; 37, 1; 1990, Mar? 1-7. 
F i s h e r y , age , g rowth and m o r t a l i t y e s t i m a t e s o f 
T r i c h i r u s l e p t u r u s L. d e s c r i b e d in p r e s e n t communica t ion . 
D u r i n g t h e s i x t e e n y e a r p e r i o d from 1959 t o 1984 t h e 
a v e r a g e c o n t r i b u t i o n of ribt^on f i s h t o t h e t o t a l m a r i n e 
l a n d i n g in I n d i a was 3.94%. At new F e r r y VJhart and 
s e a s o n Qocks l a n d i n g c e n t r e s of G r e a t e r Bombay, r i b b o n 
f i s h c o n t r i b u t e d 6 .44 and 5.92% r e s p e c t i v e l y t o t h e 
t o t a l m a r i n e c a t c h d u r i n g 1980-86 p e r i o d . T h i s s p e c i e s 
g rows t o 51 .2 , 8 2 . 5 , 101.0 cm a t t h e end o f f i r s t , second 
and t h i r d y e a r o f i t s l i f e . 
- , WAVES, DIURNAL, Dli^L, VARIATION, REPRESENTATION 
2 1 2 . MURTY (AVS) . S imple method of r e p r e s e n t i n g d i e l v a r i a -
t i o n s o f a p a r a m e t e r in t h e form of d i u r n a l , s e m i d i u r n a l 
and q u a r t e r d i u r n a l waves, I n d i a n J F jsh? 37, 1; 1987, 
Mar; 8 9 - 9 5. 
O b s e r v a t i o n s on a f l u c t u a t i n g p a r a m e t e r s o v e r a 
d i e l p e r i o d o f 24 h a r e t r a n s f o r m e d i n t o t h r e e c a s c a d e 
waves , namely t h e d i u r n a l wave, s e m i d i u r n a l v;aves and 
Zx^ 
quarterdiurnai wave, which o s c i l l a t e over the steady 
value of the parameter. Such a transformation of the 
varying parameter i s effected by a very simple analy t ica l 
method based on the choice of sixteen ord ina tes of the 
parameter plaud in the diel per iod. 
_ , vvEEDFISH, e f f e c t o f , EETERGEriTS, HOUSEHOLD 
2 1 3 . PALANIGHAMY (R) a n d MURGUGAN ( V ) . A c u t e t o x i c i t y o f 
household detergents to a creed fish, J Environ Biol? 
12, 2; 1991, Apr; 14 3-8. 
Acute t ox i c i t y of the conmon household detergents 
to weed f ish was invest igated, '^'hen exposed to these 
de te rgents exhibited abnormal behaviours l i k e frequent 
surfacing, a i r engulfing, jerking movement and loss 
of body balance. The harmless leve ls of these detergents 
t o weed f i shes were computed as 8.66 ppm, 3.76 ppm and 
1.33 ppm of ' 3 e s t o ' 'key ' and ' surf ' respect ive ly . 
Zx-
-, WHITE SPOTTED SPINE FOOT, S l q a n u s c a n a l i c u l a t u s , BIOLOGY 
GULP OP MANNAR 
2 1 4 . JAYASANKAR (P) . Some a s p e c t s of b i o l o g y of t h e w h i t e - s p o t t e d 
s p i n e f o o t , S i q a n u s c a n a l i c u l a t u s from t h e Gulf of Mannar, 
I n d i a n J F i s h - 37, 1; 1990, Mar; 9 - 1 4 . 
R e g r e s s i o n c o e f f i c i e n t of l e n g t h - w e i g h t r e l a t i o n s h i p 
of m a l e s and f e m a l e s o f 3 . C a n a l i c u l a t u s a r e n o t s i g n i f i c a n t l y 
d i f f e r e n t and t h e r e f o r e a common r e g r e s s i o n i s recommended. 
The r e g r e s s i o n c o e f f i c i e n t does n o t s i g n i f i c a n t l y d e p a t from 
3 . The spawning s ea son i s from November t o F e b r u a r y i n t h e 
Gulf o f Mannar. The f e m a l e a t t a i n s f i r s t m a t u r i t y a t a b o u t 
177 mm l e n g t h . F e c u n d i t y v a r i e s from 3 3 , 7 1 1 t o 28 4 ,516 and 
b e a r s good c o r r e l a t i o n w i t h o v a r y w e i g h t , 
_ , WHITE STURGEON, JUVENILE, HATCHERY, DEEDING RATE 
2 1 5 . HUNG (SSO) and LUTES (PB) . Optimum f e e d i n g r a t e of h a t c h e r y -
p r o d u c e d j u v e n i l e w h i t e s t u r g e o n a t 20 c , A q u a c u l t u r e t 6 5 , 
3 / 4 ; 1987, Sep; 15. 
Growth e x p e r i m e n t was c o n d u c t e d t o d e t e r m i n e t h e 
optimum f e e d i n g r a t e f o r j u v e n i l e w h i t e s t u r g e o n h e l d a t 20 c 
s t u r g e o n were f ed a p u r i f i e d d i e t f o r 0 .5% t o 4,0"^ body w e i g h t 
p e r day f o r 8 weeks . The p e r c e n t body w e i g h t i n c r e a s e d (% BWl) 
w i t h f e e d i n g r a t e from 0,5°4 t o a p l a t e a u a t 2,0% body w e i g h t 
p e r day (BvV/day t h a n above and be low t h e s e f e e d i n g r a t e s . Based 
on t h e maximum %BWl and minimum FO^, t h e optimum f e e d i n g r a t e 
f o r h a t c h e i r y - p r e d u c e d j u v e n i l e w h i t e s t u r g e o n was 2,0% BW/day. 
^ . ^ 
_, UROPOD, PANAEUS INOICUS^ MOULT STAGES, CHARACTERIZATION, 
STATS, ALLIED STRUCTURES. 
2 1 6 . DIWAN (AD) and U3HA (T^ . C h a r a c t e r i z a t i o n of m o u l t s t a g e s of 
Penaeus j , n d i c u s b a s e d on d e v e l o p i n g u r o p o d s e t a e and some c l o s e l y 
a l l i e d s t r u c t u r e s , I n d i a n J F i s h . 32, 2? 1985, Jun ; 2 7 5 - 9 . 
C h a r a c t e r s of t h e d i f f e r e n t moul t s t a g e s o f Penaws i n d i c u s 
H. mulne Edwards, t h r o u g h a c o m p l e t e m o u l t c y c l e , b a s e d on t h e 
s u c c e s s i v e s t a g e s o f d e v e l o p n e n t o f t h e s e t a e and c l o s e l y a l l i e d 
s t r u c t u r e s i n t h e Uropod a r e d e s c r i b e d so a s t o s e r v e a s a key . 
- , YEAST, ROLE 
21.7. ISAY3V (N1«0 and NAGORNAYA (S$) ., R o l e of y e a s t i n a q u a c u l t u r e : 
a r e v i e w , Hydrob io J ; 28, 2; 199 2; 8 3 - 9 0 . 
R o l e of mic iDorgan i sm i n a q u a c u l t u r e i s d i v e r s e and h a s 
n o t been c o m p l e t e l y s t u d i e d . They c o n s t i t u t e t h e normal m i c r o b i o t a 
o f t h e w a t e r and of t h e c u l t u r e d a n i m a l s , a r e t h e food of t h e 
l a t t e r , a g e n t s o f d i s e a s e , h i o n i d i c a t o r s of t h e s a n i t a r y c o n d i -
t i o n o f t h e w a t e r and c o n t a m i n a n t s of p r o d u c t i o n . Each of t h e s e 
a r e a s may b e t h e s u b j e c t of an i n d i v i d u a l r e v i e w , b u t we s h a l l 
examine t h e f i r s t t h r e e and o n l y i n t h e example of y e a s t b e l o n g i n g 
t o t h e a r e a s of t h e c l a s s e s Ascomycetes , B a s i d i o m y c e t e s and 
Deuteromyf ie tus . 
2x : 
- , ZOOPLANKTON, IN3HCRE WATEft, KARWAR, 1 9 8 0 - 8 1 . 
2 1 8 . NAOMI (T:^ . On tha Zoop lank ton of t h e I n s h o r a w a t e r of Karwar 
d u r i n g 1980-8 1, I n d i a n J .Figb? 33, 3; 1986; 336-46 . 
S t u d i e s c o n d u c t e d d u r i n g 1980-1981 have shown t h a t t h e r e 
I s a good s t a n d i n g s t o c k of h o l o p l a n k t o n I n t h e iiDJi3hore w a t e r 
o f Karwar, i n a d d i t i o n t o f r S q u e n t swarms of m e r o p l a n k t o n . 
The v a r i a t i o n s of b o t h n um er i c abundance and t o t a l b i o m a s s 
ai^e b i o m o d e l , one peak o c c u r r i n g d u r i n g M a r c h - A p r i l and t h e 
o t h e r i n Sep tember o r O c t o b e r . 
- , - , POPULATION DENSITJT, PHY3IO-GH.3HIGAL PARAMETER, DIURNAL 
FLUCTUATIONS, OODAVARI RIVER, PAITHAN ( MAHARASHIR/^ 
2 1 ? . MA300D AHMED and A L I R S Z A ( S h a y e s t a h f a r ) . D i u r n a l f l u c t u a t i o n s 
i n p o p u l a t i o n d e n s i t y of Zooplank ton i n r e l a t i o n t o some 
p h y s i c o - c h e m i c a l p a r a m e t e r s from Godavar i r i v e r P a l than 
( M a h a r a s h t r a ) , J Envi ron Biol? 12, 2; 199 1, Apr; 1 2 3 - 9 . 
D i u r n a l f l u c t u a t i o n s i n p o p u l a t i o n s d e n s i t y of s u r f a c e 
Zooplank ton i n r e l a t i o n t o t e m p e r a t u r e , d i s s o l v e d oxygen, pH, 
a c i d i t y and a l k a l i n i t y were s t u d i e d . The s t u d y c o v e r e d f o u r 
d i e t p e r i o d s i n f o u r months of monsoon. A p p r e c i a b l e d i u r n a l 
f l u c t u a t i o n s i n p o p u l a t i o n densL t y of s u r f a c e Zooplankton 
were n o t e d . These h a v e been d i s c u s s e d i n r e l a t i o n t o s e l e c t e d 
p h y s i c o - c h e m i c a l p a r a m e t e r s . 
Zx 
- . ZOOPLANKTON, STRUCTURE, DYNAMICS, UDAIPUR, 
RANGASAGAR LAKE 
220. RAO (NG) and DURVE (VS). Structure and dynamics of 
Zooplankton Community in Lake Rangasagar, Udaipur, 
India, J Environ Biol; 13, 4; Oct, 1992; 343-55. 
The fluctuations of the Zooplanktonic assemblages 
in a eutrophic lake Rangasagar were studied in the year 
1984-85. The rotifers dominated in summer and declined 
in water. Ciadocerans maintained an even distribution 
throughout the year while Copepods showed bimodal 
distribution. Out of Zooplankton seven species were 





AUTHOR'S NAME ENTRY NO. 
ACHARI ( T R T ) 9 0 
ADHOLIA (UN) a n d VYAS ( A ) 5 0 
AGRAWAL ( G P ) a n d SHREE PRAKASH 1 7 2 
APiMAD A L I ( S ) 1 7 4 
AHMAD ( S H ) a n d S INGH ( S K ) 7 7 , 1 8 1 
AHMED ( S ) a n d SHESHAPPA ( D S ) 1 0 6 , 1 3 7 
AKARTE ( S R ) a n d MANE (UH) 1 2 2 
ALAGARSWAMI ( K ) S R E E N I V A S A N ( P V ) 3"nd 
P I L L A I (VK) 8 
ALAVANDI ( S V ) , P I L L A I ( V K ) , BALACHANDRAN 
(VK) a n d KALADHARAN ( P ) 1 6 1 
ALDABA ( M B ) , REYES ( O S ) a n d SAN-TIAGO ( C B ) 1 4 0 
ALEXANDRE ( J C ) , LECORRE ( H ) , LETTY (Y) 
a n d DEVAUCHELLA ( N ) 2 0 2 
ALIREZA ( S h e y e s t c h f a r ) a n d MASOOD AHMAD 2 1 9 
A L L I O T ( E ) , THEBAULT ( H ) a n d HIDALGO ( F ) 1 8 9 
AMERELIYA ( J A ) , OiAYYA (ND) a n d J A N I (GM) 9 5 
ANON 79 
ANWAR ( M F ) , HASSAN ( M A ) , ERFANULLAH, 
J A F R I (AK) a n d KHAN (MA) 6 7 
ARALAR ( E V ) , PAVICO ( J M a ' F ) a n d 
GONZAL (AC) 3 7 
Zi;) 
ARUMUGAM ( G ) a n d RAJAPACHIAM ( S ) 4 3 
AYYAPPAN ( S ) , RAHMAN (ME) a n d 
SIRAKAMI ( S ) 3 6 
AZAD ( I S ) a n d SHIMRAY (DK) 2 8 
AZARIAH ( J a y a p a u l ) a n d SASIKUI^AR ( N ) 1 4 8 
3ABU ( D E ) a n d MANJU LATHA ( C ) 96 
BADAPANDA ( H S ) a n d PATTNAIK ( P N ) 1 5 7 
BALACHANDRAN ( V K ) , KALADHARAN ( P ) , 
ALAVANDI (SV) a n d P I L L A I (VK) 1 6 1 
BALASUBRAMANIAN ( T S ) a n d KASIM ( S M o h a m m a d ) 1 0 
B A N E R J E E ( S ) a n d NATH (AK) 2 7 
BAYNES (SM) a n d SCOTT ( A P ) 1 7 9 
BEACHAM ( T D ) a n d VENKATESHAN (V) 1 6 2 
BEHERA ( P C ) a n d VENKATESHAN ( V ) 6 1 
BELL ( J G ) , MEVICAR (AH) a n d COWEY ( C B ) 5 
BENSAM ( P ) 1 0 5 , 1 1 5 , 1 3 0 
BERN ( H A ) , NISHIOKA ( R S ) a n d 
R I C H I ^ N (NH) 4 7 
BHATTACHERJEE ( T W ) , RAMTEKE (PW) a n d 
PATHAK ( S P ) 1 8 4 
BHOWMIK ( M L ) , HALDER (DD) a n d 
CHAKRABORTI (RK) 1 5 8 
BILLARD ( R ) a n d SAAD (A) 21 
BIRD a n d GUERIN ( J M ) 1 0 9 
ZZu 
BISWAS (AP), CHATTERJEE (K) and 
NASAR (SAK) 2 7 
BLANC (JM), CHDEJRROUT (D) and KRIEG (F) 119 
BOWER (SM) and THOMPSON (AB) 186 
BROWN (PB), LINTON( TL), ROBINSON (EH) 
and LABOMASCUS (D) 142 
BROWNELL (CL) and HORSTMAN (DA) 129 
CHAKRABORTI (RK), BHOWMIK (ML) and 
HALDER (DD) 50 
CHAKRABORTI (Sushant Kumar) 211 
CHAND (BK) and DORA (KC) 92 
CI LAND RA SHE KHAR (TC), DORA (KC) and 
HEGDE (Gabgavati) 82 
CHAPMAN (DC), HUBERT (WA) and 
JACKSON (UT) 24 
CHARI (N), REDDY (T Ravinder) and 
KUMAR (N Vijaya) 139 
CHATAIN (B) 54 
CHATTERJEE (DK) and SAHA (GN) 48 
CHATTERJEE (K), NASSAR (SAK) and 
BISWAS (SP) 2 7 
CimTTERJI (A) 5 2 
CHAUHAN (DPS) 183 
t 
ChiAUDHURI (A), DAS (M), GHOSH (B), 
DATTA (NC) and CHOUDHURI (S) 18 
CHHAYA (ND), JANI(GM) and AMERELIYA (JA) 95 
CHOUDHURI (S), CHOUDHURI (A), DAS (M), 
GHOSH (B) and DATTA (NC) 18 
CHOUHAN (MS) and PANDEY (AK) 178 
CHOURROUT (D), KRIEG (F) and BLANK (JM) 119 
COSTA-PIERCE (Barry A) and CRAVEN (DB) 169 
COWEY (CB), BELL (JG) and MEVICAR (AH) 5 
CRAVEN (DB) and COSTA-PIERCE (Barry) 169 
CSENQERI (I) and PATITJEAN (M) 53 
DAS {YIA) , RAMACHANDRAN (V Ramaprabhu) 
and SAHU (AKT) 168 
DAS (M), GHOSH (B), DATTA (NC), 
CHOUDHURI (S) and CHAUDHURI (A) 18 
DAS (M) and MISHRA (B) ill 
DAS (SK) 57 
DAS (SK) and JANA (BB) 23 
DASGUPTA (M) 128 
DATTA (CN) and DE (DK) 116 
DATTA (Kamal Kumar) and SRINATH (M) 133 
DATTA (NC), CHOUDHURI (S), CHAUDHURY (A), 
DAS (M) and GHOSH (M) 18 
T 
i4 >-* -J 
DEBROWSKI (K), KAUSHIK (ST) and 
FAUCONNEAU (B) 204 
DE (DK) and DATTA (CN) 116 
DE (DK) and NATH (D) 114 
DE (DK), NATH (D)and SEN (PR) 117 
DE (KC) 65 
GEGANI (G) and VIOLA (S) 58 
DESAI (VR) and SHRIVASTAVA (NP) 45 
DEVARAJ (M), SUNDARAJ (V), FRANCIS (T) 
and SUKUMARAN (N) 33 
DEVAUCHELLE (N), ALEXANDRE (JC), 
LECORRE (N) and LETTY (Y) 2 02 
DEVRAJ (KV) and MURTHY (HS) 2 2 
DEVRAJ (M) 2 01 
DHANZE (JR) and DHANZE (ROni; 123 
DHANZE (Roni) and DHANZE (JR) 123 
DIMITROV (M) 165 
DIWAN (AD) and USHA (T) 216 
DORA (KC) and CHAND (BK) 92 
DORA (KC), HEGDE (Ganpati) and 
CHANDRASEKHAR (TC) 82 
DURVE (VS) and RAO (NG) 220 
DURRA (A) and UPADHAYAYA (SN) 64 
V ' -
kl «w ^ 
ECKMANN ( R ) 4 8 
ELSTON ( R A ) , KENT (ML) a n d W I L I K I N S O N ( M T ) 1 4 6 
ERFANULLAH, J A F R I ( A K ) , KHAN ( M A ) , 
ANWAR (MF) a n d HASSAN (MA) 6 7 
FAUCONNEAU ( B ) , DABROWSKI(K) a n d 
KAUSHIK ( S T ) 2 0 4 
F I E L D ( E ) , SKURDAL ( J ) , HASSEN (DO) a n d 
TAUGBOL ( T ) 6 9 
FONG ( S C ) a n d J U ( H P ) 2 
FOSS ( P ) , SCHIEDT ( K ) , MANZ ( U ) a n d 
STOREBAKKEN ( T ) 1 8 5 
FOSS ( P ) , STOREBAKKEN ( T ) a n d 
L I A A E N - J E N S E ( S ) 1 8 7 
FRANCIS ( T ) , SUKUr^RAN ( N ) , DEVARAJ (M) 
a n d SUNDARARAJ ( V ) 3 3 
GADDAD ( s u b h a s c h a n d r a ) a n d RQDGI ( S i i v a S ) 1 7 1 
GARG ( S K ) a n d J A I N ( S K ) 1 3 8 
GHOSH ( N ) , DATTA ( N C ) , CHOUDHURI ( S ) , 
CHOUDHURI (A) a n d DAS (M) 1 8 
GHOSH ( P K ) a n d P I L L A I (SM) 1 5 9 
GHOSH ( T K ) a n d KONAR ( S K ) 5 6 
GODRED ( T ) , SRIRAMAN ( K ) , RAMANATHAN ( N ) 
a n d KANNUPANDI ( T ) 1 5 6 
GONZAL ( A C ) , ARALAR ( E V ) a n d P A V I C O ( J M a ' F ) 3 7 
Vu 
GOPAKUMAR ( K ) a n d MATHEW ( P T ) 7 5 
GOPALKRISHNAN ( P ) 8 7 
GC:)PINATH ( C P ) 1 3 5 
GOPINATH ( S S ) a n d MADAN MOHAN 1 
GREEV'/ (BW) a n d T E I C H E R T - C O D D I N G T O N ( D R ) 1 6 6 
G R I Z Z L E ( J N ) a n d NUSBAUM (KE) 5 5 
GUERIN ( J M ) a n d B I R D 1 0 9 
GUNGA ( V i s h n u D a s ) a n d NEELAKANTAN ( B ) 1 5 3 
GUNGA ( V i s h n u D a s ) , NEELKANTAN ( K ) a n d 
NEELKANTAN ( B ) 1 5 4 
GUPTA (RA) a n d PRAKASH ( S ) 2 9 
HALDER ( D D ) , CHAKRABORTI (RK) a n d 
BHOWNIK (ML) 1 5 8 
FIAMACKORA ( J ) , LINHART ( O ) a n d KOURIL ( J ) 1 9 3 
HANLEY ( F ) 2 0 7 
HARAN ( M P ) , SURENDRAN ( V ) , REDDY (KM) 
a n d RAO ( V S ) 1 9 6 
PiARDER ( W i l h e l m ) 1 6 3 
JiASSAN ( I ^ ) , ERFAMULLAH, J A F R I (AK) , 
KHAN (MA) a n d ANWAR (MF) 6 7 
liASSEN ( D O ) , TAUGBOL ( T ) , F J E L D ( E ) 
a n d SKURDAL ( J ) 6 9 
HEGDE ( G a n a p a t i ) , CHANDRA SHEKHAR ( T C ) , 
a n d DORA (KG) 8 2 
HIDALGO ( F ) , A L L I O T ( E ) a n d THEBAULT ( H ) 1 8 9 , 1 9 0 
(i ' Z 
HODGKIN ( E P ) a n d R I P P I N G A L E ( R J ) 4 9 
HOLM ( J C ) a n d TORRISEN (KR) 6 
HORSTMAN (DA) a n d BROWNELL ( C L ) 1 2 9 
HOSSAIN (MA) a n d MOLLAH (MFA) 3 8 
HUBERT ( W A ) , JACKSON ( U T ) a n d CHAPMAN ( D C ) 2 4 
HUNG ( S S O ) a n d LUTES ( P B ) 2 1 5 
HUSSAIN ( S y e d M a k h d o o m ) 1 3 
ISAYEV (NM) a n d NAGORNAYA ( S S ) 2 1 7 
JACKSON ( U T ) , CHAPMAN (DC) a n d HUBERT ( V ; A ) 2 4 
JACOB ( R o n i M a r y ) a n d THOf-lAS ( P A ) 1 1 0 
J A F R I (AK) a n d KHAN (MA) 3 0 , 3 1 , 4 0 , 4 6 
J A F R I (AK) , KHAN (MA) , ANV7AR (MF) , 
HASSAN (MA) a n d ER-.FANULLAH 6 7 
J A I N ( S K ) a n d GARG ( S K ) 1 3 8 
JAMES ( R ) 1 4 3 
JANA ( B B ) a n d DAS ( S K ) 2 3 
J A N I ( G M ) , AMERELIYA ( J A ) a n d CHHAYA (ND) 9 5 
JAYALAKSHI4I ( K ) , NAGABHU-SHANAM ( R ) , 
SAMBASIVA RAO ( S ) a n d S A R O J I N I ( R ) 1 7 6 
JAYALAKSHt^Y (KV) a n d SARASWATHY (M) 1 6 4 
JAYAPRAKASH (AA) a n d NAIR (KVS) 9 1 
JAYASANKAR ( J ) 1 4 7 
JAYASANKAR ( P ) 2 1 4 
JOITN (G J a m a ) a n d REDDY (PVGK) 3 2 
J O S E P H ( A ) a n d SONI (VC) 1 7 3 
CiLi^J 
J U ( H P ) a n d FONG ( S C ) 2 
KHANNYAPANDI ( T ) , ALAVANDI ( S V ) , P I L L A I ( V K ) 
a n d BALACHANDRAN (VK) 1 6 1 
KALADHARAN ( P ) , P I L L A I (VK) a n d 
ALAVANDI ( S V ) 8 
KARMAKAR ( H C ) , MUKHOPADHYAY (MK) a n d 
VERGHESE ( P U ) 1 2 
KASIM (H M o h a m a d ) a n d BALASUBRAMANIAN ( T S ) 1 0 
KAUSHIK ( S J ) , FAUCONNEAU ( B ) a n d 
DEBROWSKI ( K ) 2 04 
KENT ( M L ) , WILKINSON (MT) a n d ELSTON (RA) 1 4 6 
KHAN ( M A ) , ANV.'AR ( M R ) , HASSAN ( M A ) , 
ERFANULLAH a n d J A F R I (AK) 6 7 
KHAN (MA) a n d J A F R I (AK) 3 0 , 3 1 , 4 0 , 4 6 
KHANNYAPANDI ( T ) , GODRID ( T ) , SRIRAMAN(K) 
a n d RAMANATHAN ( N ) 1 5 6 
KHATRI ( T O ) 1 2 4 
KHUDA BUKHSH (AR) a n d RAO (MRK) 4 
KONAR ( S K ) a n d GHOSH ( T K ) 5 6 
KONAR ( S K ) a n d SARKAR ( S K ) 74 
KOURIL ( J ) , HAMACKORA ( J ) a n d LINHART ( O ) 1 9 3 
KRIEG ( F ) , BLANC ( J M ) a n d CHOURROUT ( D ) 1 1 9 
KRISHNA lOJMAR ( P K ) a n d P I L L A I (VK) a n d 
VALSALA (KK) 1 3 1 
KULKARNI (CV) 1 2 7 
C imi ' 
KUMAR ( N V i j a y a ) , CHARI ( N ) a n d REDDY 
( T R a v i n d e r ) 1 3 9 
KUNHIKOYA ( K K ) , P I L L A I (CSG) a n d MOHAN (M) 1 6 
KURIAKOSE ( B ) a n d KURUP (BM) 3 5 
KURUP (BM) a n d KURIAMDSE ( B ) 3 5 
KURUP ( S N ) 1 0 0 , 1 0 2 
LABOMASCUS ( D ) , BROWN ( P B ) , LINTON ( T L ) 
a n d ROBINSON ( E H ) 1 4 2 
LAING ( L ) 1 5 
LAL ( J ) 1 1 2 
LAZARUS ( S ) 1 5 1 , 1 9 8 , 2 1 0 
LAZARUS ( S ) a n d NANDA-KUMARAN ( K ) 1 3 4 , 1 6 1 
LECORRE ( N ) , LETTY ( Y ) , DEVAUCHELLA ( N ) 
a n d ALEXANDRE ( J C ) 2 02 
LEE (EGH) a n d GORDON (MR) ' 4 4 
LETTY (Y) .DEVAUCHELLE ( N ) , ALEXANDRE ( J C ) 
a n d LECORRE ( N ) 2 0 2 
LEUNG ( L K P ) 1 1 
L I ( S I F A ) 6 6 
L I A A E N - J E N S E ( S ) , FOSS ( P ) a n d 
50TREBAKKER ( T ) 1 8 7 
LIGHTNER ( D V ) , MOORE (DW) a n d REDMAN (RM) 1 5 5 
LINHART ( O ) , KOURIL ( T ) a n d HAMACKORA ( J ) 1 9 3 
LINTON ( T L ) , ROBINSON ( E H ) , LABOMASCUS (D) 
a n d BROWN ( P B ) 1 4 2 
LLOYD (SVJ) a n d TUCKER ( C S ) 4 2 
LUTES ( P B ) a n d HUNG ( S S O ) 2 1 5 
MADAN MOHAN a n d GOPINATH ( C S ) 1 
MAMCARZ (A) a n d NOWAK (M) 5 1 
MANDAL (AK) a n d NANDI (NC) 1 0 3 
MANJULATHA ( C ) a n d BABU (DE) 96 
MANE (UH) a n d AKARTE ( S R ) 1 2 2 
MANE (UH) a n d MULEY (DV) 1 0 7 
MANICARAJA (M) a n d RAJAMANI (M) 9 9 
MANIKANDAVELU (D) a n d NEETHISELVAN ( N ) 73 
M A N I S S E R I (MK) 9 8 
MANOJ KUMAR ( P P ) a n d PREMLATA ( P ) 9 
MANZ ( U ) , STOREBAKKEN ( T ) , FOSS ( P ) 
a n d S C H I E D T ( K ) 1 8 5 
MASOOD AHMED a n d ALIREZA ( S h ^ y C S t t h f B Y ^ 2 1 ^ 
MATHEW ( G r a c e ) a n d VENUGOPAL (KM) 9 7 
MATHEW ( P T ) a n d GOPAKUMAR ( K ) 7 5 
MEVICAR ( A H ) , COWEY (CB) a n d BELL ( J G ) 5 
MISHRA ( B ) a n d DAS (M) 1 1 1 
MISHRA ( S K ) 41 
MITRA ( A ) , MUKHERJEE (CK) a n d SAHOO ( N ) 8 9 
MOHAMMAD ZAFAR KHAN 1 7 
MOHAN ( M ) , KUNHIKOYA (KK) a n d P I L L A I ( C S G ) 1 6 
MOHAN RAJ (A I s a a c ) a n d SAHUL HAMEED 1 0 8 
MOHAPATRA ( P ) 6 2 , 1 0 1 
MOHAPETRA ( B C ) a n d NOBLE (A) 1 9 4 
II. 
MOKASHI (NV) a n d TALDA (VK) 2 0 
MOLLAH (MFA) a n d HOSSAIN (MA) 3 8 
MOORE ( D W ) , REDMAN (RM) a n d LIGHTER (DV) 1 5 5 
MUKHERJEE ( C K ) , SAHOO (M) a n d MITRA ( A ) 8 9 
MUKHOPADHYAY ( M K ) , VERGHESE ( P U ) a n d 
KARMAKAR (HC) 1 2 
MULEY (DV) a n d MANE (UH) 1 0 7 
MURTHIAN ( C ) 5 9 
MURTHY ( H S ) a n d DEVRAJ (KV) 2 2 
MURTY (AVS) 2 1 2 
MURTY ( V S ) 1 1 8 
MURRAY ( C B ) a n d BEACHAM ( T D ) 1 6 2 
MURUGAN (V) a n d PALANICHAMY ( R ) 2 1 3 
NAGABHUSHANAM ( R ) , SAMBASIVA RAO ( S ) , 
S A R O J I N I R) a n d JAYALAKSHHI ( K ) 1 7 6 
NAGORNAYA ( S S ) a n d ISAYER (NM) 2 1 7 
NAGPAL ( N ) 1 9 7 
NAIK ( D ) a n d SAHOO ( J K ) 72 
NAIR (KVS) a n d JAYAPRAKASH (AA) g l 
NANDAKUMARAN ( K ) a n d LAZARUS ( S ) 1 3 4 , 1 5 1 
NAOMI ( T S ) 2 1 8 
NASAR ( S A K ) , BISWAS ( S P ) a n d 
CHATTERJEE ( K ) 2 7 
NATH (AK) a n d BANERJEE ( S ) 6 0 
NATH ( D ) a n d DE (DK) 1 1 4 
NATH ( D ) , SEN ( P R ) a n d DE (DK) 1 1 7 
z J u 
NEEl-KANTAN (B) and GUNGA (Vishnu Das) 153 
NEELKANTAN (B), GUNGA (Vishnu Das) and 
NEELKANTAN (K) 154 
NEELKANTAN (K). NEELKANTAN (B) and 
GUNGA (Vishnu Das) 154 
NEETHISELVAN (N) and MANIKANDAVELU (D) 73 
NISHIOKA (RS), RICHMAN (NH) and BERN (HA) 47 
NOBLE (A) and MOHAPETRA (BC) 194 
NOWAK (M) and MAMCARZ (A) 51 
NUSBAUM (KE) and GRIZZLE (JM) 5 5 
ODUM (William E) 193 
OTUBUSIN (SO) 208 
PADAYTTI (Pius S) 170 
PADHI (BK) 88 
PAI (Raghuvendra) and REDDY (MPM) 209 
PALANICHAMY (R) and MURUGAN (V) 213 
PANDEY (AK) and CHOUHAN (MS) 178 
PANOTE (K) 84 
PATfLAK (SP), BHATTACHERJEE (TW) and 
RAMTEKE (PW) 184 
PATTNAIK (PN) and BADAPANDA (HS) 157 
PAVICO (J M3 'F), GONZAL (AC) and 
ARALAR (EV) 3 7 
PETERSON (Richard E) and SEO (KK) 167 
PETITJEAN (M) and CSENGERI (I) 53 
PILLAI (CSG), MOHAN (M) and KUNHIKOYA (KK) 16 
Zi 
PILLAI (C Thankappan) 63 
PILLAI (CT) and THAMPY (DM) 136 
PILLAI (NN) 126 
PILLAK (SK) 93, 104 
PILLAI (SM) and GHOSH (PK) 159 
PILLAI (VK), ALAVANDI (SV) and 
, KALADHARAN (P) 8 
PILLAI (VK), BALACHANDRAN (VK), 
KALADHARAN (P) and ALAVANDI (SV) 161 
PILLAI (VK), VALSALA (KK) and 
KRISHNA KUr-lAR (PK) 131 
PISKA (Ravi Shankar) 25 
PFL^KASH (S) and GUPTA (RA) 29 
PREMLATA (P) and MANOJ KUMAR (PP) 9 
RAMACHANDRAN (V Rama Prabhu), SAHU (AKT) 
and DAS (K^) 168 
RAMAN (K) and SULTANA (M) 52 
RAMANA (UV), RAO (MB) and REDDY (OR) 85 
RAMANATHAN (N), KANNUPANDI (T), 
GODFRED (J) and SHRIRAMAN (K) 156 
RAMKRISHNAN (N) 149 
RAMA (RS) 83 
RAMTEKE (PW), PATHAK (SP) and 
BHATTACHARJEE (JW) 184 
RAO (G Sudhakara) 152 
t4 %i ^ 
RAO (KRS S a m b a s i v a ) a n d RAO (KV R a m a n a ) 1 9 8 
RAO (KV R a m a n a ) a n d RAO (KRS S a m b a s i v a ) 1 9 8 
RAO ( M B ) , REDDY (OR) a n d RAMANA (UV) 8 5 
RAO (MRK) a n d KHUDA-BUKHSH (AR) 4 
RAO (NG) a n d DURVE ( V S ) 2 2 0 
RAO ( T A p p a ) l 6 0 
RAO ( V S ) , HARAN ( M P ) , SURENDRAN ( V ) 
a n d REDDY (KM) 1 9 6 
REDDY ( K M ) , RAO ( V S ) , HARAN (MP) a n d 
SURENDRAN ( V ) 1 9 6 
REDDY (MPM) a n d P A I ( R a g h u v e n d r a ) 2 0 9 
REDDY ( O R ) , RAMANA (UV) a n d RAO (MB) 8 5 
REDDY ( P M a n i k y a ) a n d VENKATESFT/ZARLU ( V ) 3 
REDDY ( P S i t a r a m i ) a n d RAJAGOPAL ( S ) 7 
REDDY ( P S i t a r a m i ) a n d VASANTH ( V ) 2 05 
REDDY (PVGK) a n d JOHN (G J a n a ) 3 2 
REDDY ( T R a v i n d e r ) , KUMAR (N V i j a y a ) 
a n d CHARI (N) 1 3 9 
REDMAN ( R M ) , LIGHTNER (DV) a n d 
MOORE (DW) 1 5 5 
REINTZ ( G a r g ) 1 9 
REYES ( O S ) , SAN-TIAGO (CB) a n d 
ALDABA (MB) 1 4 0 
RICHMAN ( N H ) , BERN (HA) a n d NISHIOKA ( R S ) 4 7 
U <^  U 
R I P P I N G A L E ( R J ) a n d HODGKIN ( E P ) 4 9 
ROBINSON ( E N ) , LABOIIASCUS (D) , BROWN ( P B ) 
a n d LINTON ( T L ) 1 4 2 
RODGI ( S h i v a S) a n d GADDAD ( S u b h a s c h a n d r a ) 1 7 1 
SAAD (A) a n d LILLARD ( R ) 2 1 
SAHA (GN) a n d C H I T T E R J E E (DK) 7 0 
SAHA (M) 1 2 1 
SAHOO ( J K ) , MITRA ( A ) a n d MUKHERJEE (,CK) 8 9 
SAHU (AKT) , DAS (KM) a n d RAr4ACHANDRAN 
( V R a m a p r a b h u ) 1 6 8 
SAMBASIVA RAO ( S ) , S A R O J I N I ( R ) , 
JAYALAKSPiMI ( K ) a n d NAGABHUSHANAM ( R ) 1 7 6 
SANJEEVAGHOSH (D) 8 1 
SANTHAKUMARI (V) 1 4 4 
SAN-TIAGO ( C B ) , ALDABA (MB) a n d 
REYES ( O S ) ^^Q 
SARASWATHY (M) a n d JAYALAKSHMY (KV) 1 6 4 
SARKAR ( S K ) a n d KONAR ( S K ) 74 
S A R O J I N I ( R ) , JAYALAKSHMI ( K ) , 
NAGABHUSHANAM ( R ) a n d SAMBASIVA RAO ( S ) 1 7 6 
SARVAIYA ( R T ) 
8 6 
z:. 
SASIKUMAR ( N ) a n d AZARIAH ( J a y a p a u l ) 1 4 8 
SCOTT ( A ) a n d BAYNES (SM) 1 7 9 
S E I V A R A J (GSD) a n d S I L A S (EG) 1 8 2 
SEN ( P R ) , DE (DK) a n d NATH ( D ) 1 1 7 
SEO (KK) a n d PETERSON (RICHARD E) 1 6 7 
SHAH (KC) 1 3 1 
SAHUL HAMSED a n d MOHAN RAJ (A I - ^ a a e ) 1 0 8 
SHAHUL HAMEED ( K ) a n d RADHAKRISHNAN ( E V ) 1 2 5 , 2 0 0 
SHARMA (BM) 7 8 
SHESHAPPA ( D S ) a n d AHMED ( S ) 1 0 6 . 1 3 7 
S H I E D T ( K ) , MANZ ( V ) , STOREBAKKEN ( T ) 
a n d FOSS ( P ) 1 8 5 
SHIMRAY (DK) a n d AZAD ( I S ) 2 8 
SHIRGUR (GA) 1 8 0 
SHIRIVASTAVA ( N P ) a n d D E S A I (VR) 4 5 
SHREE PRAKASH a n d AGRAWAL ( G P ) 1 7 2 
S I L A S (EG) a n d SELVRAJ (GSD) 1 8 2 
S INGH (AK) a n d AHMAD ( S H ) 7 7 , 1 8 1 
S INGH ( H ) 1 7 5 
S INGH ( R ) a n d S INGH ( R P ) 1 9 2 
S INGH ( R P ) a n d S I N G H ( R ) 1 9 2 
SINHA ( J H ) 1 4 
SINHA ( J P ) 26 
SIVAKAMI ( S ) . AYYAPPAN ( S ) a n d RAMAN (MF) 36 
SKUR-.DAL ( J ) , HESSEN ( D O ) , TAVGBOL ( T ) 
a n d F J E L D ( E ) 6 9 
SODERBERG (Richard W) 3 9 
SONI (VC) and JOSEPH (A) 173 
SREENIVASAN (A) 76 
SREENIVASAN (PV) and ALAGARSWAMI (K) 150 
SRINATH (M) and DUTTA (Kamal Kumar) 133 
SRIRAI-IAN (K), RAMANATHAN (N), KANNVPANDI 
and GODFRED (J) 150 
STOREBAKKEN (T), FOSS (P) and LIAAEN 
JENSE (S) 187 
STOREBAKKEN (T), FOSS (P), SCHIEDT (K) 
and MANZ (U) 185 
SUKUMARAN (N), DEVRAJ (M) and 
FRANCIS (T) 33 
SULTAN (S) 94 
SULTANA (M) and RAMAN (K) 5 2 
SUNDARESAN (J) 191 
SUNDARRAJ (V), FRANCIS (T), SUKUMARAN (N) 
and DEVRAJ (M) 33 
SURENDRAN (V), REDDY (KM), RAO (VS) 
and HARAN (MP) 196 
SUSECLAN (C) 113 
TALDA (UK) and MOKASHI (NV) 20 
TAUGBOL (T), FJELD (E), SKURDAL (J) 
and HASSEN (DO) 69 
z. 
TEICHERT-CODDINGTON (DR) a n d GREEW (BW) 1 6 6 
THAMPY (DM) a n d THANKAPPAN ( C ) 3 4 
TliAMPY (DM) a n d P I L L A I ( C T ) 6 3 , 1 3 6 
THANKAPPAN ( C ) a n d THAMPY (DM.) 3 4 
THEBAULT ( N ) . HIDALGO ( F ) a n d A L L I O T ( E ) 1 8 9 , 1 9 0 
THOMAS ( P A ) 1 7 7 
THOMAS ( P A ) a n d JACOB ( R o n i M a r y ) 1 1 0 
THOMPSON (AB) a n d BOWER (SM) 1 8 6 
T O R R I S S E N (KR) a n d NOLM ( J C ) 6 
TUCKER ( C S ) a n d LLOYD (SW) 4 2 
UPADHAYAYA ( S N ) a n d DUTTA (A) 6 4 
USHA ( T ) a n d DIWAN (AD) 2 1 6 
VALSALA ( K K ) , KRISHNA KUMAR ( P K ) a n d 
P I L L A I (VK) 1 3 1 
VASANTH ( V ) a n d REDDY ( P S i t a R a n i ) 2 0 5 
VENKATESHAN ( V ) a n d BEHERA ( P C ) 6 1 
VENKATESH^'/ARLU ( V ) a n d REDDY ( P M a n i k y a ) 3 
VENUGOPAL (KM) a n d MATHEW ( G r a c e ) 9 7 
VERGHESE ( P U ) , KARMAKAR (HC) a n d 
MUKHOPADHYAY (MK) 12 
VIOLA ( S ) a n d DEGANI ( G ) 5 8 
VIVEKANANDAN ( E ) 2 06 
VYAS ( A ) a n d ADHO L I A (UN) 5 0 
WILKINSON ( M T ) , E I S T O N ( R A ) a n d KENT (ML) 1 4 6 
WILSON ( J H ) 1 4 5 
t'i 
TITLE HsIDEX 
NAFlE OF TITLE ENTRY NO. 
A c t i o n p l a n t o b o o s t e x p o r t of I n d i a n 
m a r i n e p r o d u c t s 13 2 
A c u t e t o x i c i t y o f h o u s e h o l d d e t e r g e n t s t o a 
weed f i s h 213 
A d h e r e n c e o f channe l c a t f i s h v i r u s t o sperm 
and L e u k o c y t e s 55 
Age and g rowth of Labeo q o n i u s ( C y p r i n i d a e ) 
i n ' K a l i * R i v e r , U t t a r P r a d e s h , I n d i a 120 
Age, g rowth , l e n g t h - w e i g h t r e l a t i o n s h i p and 
r e l a t i v e c o n d i t i o n s in h i l s a TentJolosa 
i l i s h a from t h e i ^ o j h l y e s t u a r i n e 
s y s t e m 116 
A q u a c u l t u r e e d u c a t i o n a s a means f o r human 
r e s o u r c e deve lopment i n I n d i a 57 
A r i s t i c h t h v s n o b i l i s ( E x o t i c b i g head) how i t 
Came t o I n d i a 60 
Ash Cures 6 5 
Assessmen t o f t h e p e n a e i d prawn seed 
r e s o u r c e of t h e G o d a v a r i e s t u a r y and 
t h e a d j a c e n t back wa te r 152 
Barriboo b o a t 89 
Bio a c c u m u l a t i o n of t r a c e m e t a l s by m a r i n e 
f l o r a and fauna n e a r a c a u s t i c soda 
p l a n t (Karwar, I n d i a ) 131 
B i o l o g y of p s e t t o d e s e rume i and pseudnrnombus 
a r s i u s from t h e n o r t h e r n A r a b i a n sea 13 
B i o l o g y o f t h e b l u e p u l l e r , c h r o m i s 
c a c r u l e u s (Cuvier ) from Minicoy A t o l l , 
I n d i a n J F i s h 16 
Cage c u l t u r e o f s i l v e r c a r p 36 
Carp f r y t o f i n g e r l i n g s j 180 
Case of d e f o r m i t i e s in some c u l t i v a b l e 
f i s h e s 6 3 
C h a r a c t e r i z a t i o n of moul t s t a g e s o f 
Penacus i n d i c u s b a s e d on d e v e l o p i n g 
uropod s e t a e and some c l o s e l y a l l i e d 
s t r ' - ' c t ' . r res 216 
Chickr.n V i s c e r a 194 
C h i n e s e t y p e h a t c h e r i e s 112 
Chromosome complement o f t h e I n d i a n p e a r l 
o y s t e r P j n c t a d a f u c a t a (Gould) 150 
Cold wa te r f i s h e r i e s c o l d - s h o u l d e r e d in 
Tamil Nadu 76 
C o m p a r a t i v e h i s t o l o g y of r a inbow and 
c h a n n e l c a t f i s h grovm in i n t e r s i v e 
s t a t i c w a t e r 39 
Compar i son of tvjo samples used wi th an 
au toma ted d a t a a c q u i s i t i o n sys t em in 
whole fond community m e t a b o l i s m s t u d i e s 166 
C ^ :J 
C o n t r o l o f a l g a l I ' l ooms /ma t s and some a q u a t i c 
weeds by d i u r o n i n f i s h pond 
C o r r e l a t i o n be tween cope p o d s and linxD-
c h e m i s t r y of Mansarover R e s e r v o i r Bhopal 
Cryo o r e s e r v a t i o n of r a i n bow t r o u t 
Spermatozoa 
C r y o p r e s e r v a t i o n of spe rmatozoa of t h e 





Development o f r u r a l a q u a c u l t u r e 183 
D i e t a r y c a l c i u m and p h o s p h o r u s r e q u i r e m e n t 
of O r e o c h r o m i s a u r e u s r e a r e d i n c a l c i u m 
f r e e water 14 2 
D i e t a r y p r o t e i n r e q u i r e m e n t of tvjo s i z e 
c l a s s e s of t h e I n d i a n major c o r p , 
C a t l a - C a t l a 30 
D i f f e r e n t i a l grovrfch r a t e ? of rracro-a"".gae 
i n v a r i o u s c u l t u r e media 13 5 
D i g e s t i b i l i t y of food s t u f f s and t h e 
e f f e c t s of f e e d i n g s e l e c t i v i t y on d i g e s t i -
b i l i t y d e t e r m i n a t i o n i n t i l ana 207 
D i s t r i b u t i o n p a t t e r n of t h r e a d f i n b r e a m s 
a long n o r t h Tamil and South Andhra 
C o a s t s 206 
f l .' 
Div.erna l f l u c t u a t i o n s i n p o D u i a t i o n d e n s i t y of 
Zoop iank ton i n r e l a t i o n t o some P h y s i c o -
C h e m i c a l / P a r a m e t e r s from G o d a v a r i r i v e r 
P a i t h a n (Maha ra sh t r a ) 219 
Easy and E f f i c i e n t method of c o l l e c t i n g 
prawn and m u l l e t s eed from t h e i n t e r e t i d a l 
mangrove a r e a s 17 5 
E c o l o g i c a l c h a r a c t e r i s t i c s o f a B r a c k i s h -
vja^cr B h e r i of t h e Sundar ban , vjest Bengal 20 3 
E c o l o g i c a l s i g n i f i c a n c e of f i n e p a r t i c l e 
s e l e c t i o n by t h e s t r i p e d m u l l e t mugi l 
C^r,h^'iM<, 203 
Ecology and b i o l o g y o f Abudefd vf.. - l aucus 
from min icoy A t o l l , Lakshadweep 1 
Eco logy o f a l g a e i n t h e p a p e r m i l l e f f l u e n t s 
and t h e i r impact on r i v e r Tunga b h a d r a 3 
Economic v i a b i l i t y o f t r a w l e r s g i l l n e t t e r s 
and d u g - o u t s wi th OBM 9 5 
E f f e c t s of a r t i f i c i a l d i e t s c o n t a i n i n g 
d i f f e r e n t p r o t e i n s l e v e l s on g rowth and 
f eed e f f i c i e n c y of c a t f i s h 33 
E f f e c t of change i n s ~ l i n i t y on t h e 
s u r v i v a l o f Penagug monodon P o s t l a r v a e 158 
E f f e c t o f Copper, Cadmium and Mercury on 
m e t a b o l i s m of t h e f r e s h wa te r musse l 108 
E f f e c t of d i e s e l on t h e o v a r i e s o f f r e s h -
water Prawn 176 
E f f e c t o f d i f f e r e n t l e v e l s o f b l o o d meal in 
t ) e l l e t e d f e e d s on t i l a p i a p r o d u c t i o n in 
f l o a t i n g of bartiboo n e t c a g e s 208 
E f f e c t of d i f f e r e n t l e v e l s of p r o t e i n s on 
t h e a b s o r p t i o n e f f i c i e n c y i n s i l l u r o i d 
c a t f i s h C l a r i a s b a t r a c h u s 19 2 
E f f e c t o f i n c o r p o r a t i o n of v e g e t a b l e c o l o u r 
from red Sanda l ( P t e r o c a r p u s s a n t e l l i n u s ) 
on a c c e p t a b i l i t y c o l o u r deve lopmen t and 
g rowth of t i l l a o i a ( T i l i a p i a nx?ssambica) 75 
E f f e c t of m e r c u r i c c h l o r i d e on c a r b o h y d r a t e s 
g i l l of a f r e s h water m u s s e l , Gmelin 139 
E f f e c t of t e m p e r a t u r e on t h e g rowth and 
b i o c h e m i c a l a c t i v i t i e s of Pseudomonas 
a e r u g i n o s a ^ i s o l a t e d from a s t a b i l i z a -
t i o n pond 171 
E f f e c t s of a e r a t i o n p e r i o d on t h e p r o d u c t i -
v i t y and aga r q u a l i t y o f G r a c i l a r i a spee 109 
e f f e c t s o f a r t i f i c i a l d i e t s c o n t a i n i n g 
d i f f e r e n t p r o t e i n l e v e l s on g r o w t h and 
f e e d e f f i c i e n c y of c a t f i s h (Ci ar i s -
_ b a t r a c h u s ) 38 
E f f e c t s of formal i l l or\ a q u a c u a t i c 
eco sy s t em 56 
E f f e c t s o f Lime on f i s h pond s o i l s 70 
E f f e c t s o f p e s t i c i d e s on t h e g i l l c i l l i a r y 
a c t i v i t y o f t h r e e f r e s h wate r L a m e l l i 
b r a n c h s 122 
E f f e c t s of water h a r d n e s s on t h e h a t c h i n g and 
v i a b i l i t y of s i l v e r c a r p e g g s 37 
Egg deve lopment and l i f e c y c l e t i m i n g i n 
t h e n o b l e c r a y f i s h 69 
Energy s t r u c t u r e and e f f i c i e n c y of a t y p i c a l 
C h i n e s e i n t e g r a t e d f i s h farm 66 
Energy v a l u e of r ' iomass w i t h i n b e n t h i c a l g a e 
of railkfish p o n d s , A q u a c u l t u r e 2 
E n v i r o n m e n t a l p a r a m e t e r s c o n t r o l l i n g growth 
of O s t r e a e d u l i s L. and P e c t e n maximum L^ 
a.n su soended c u l t u r e 14 5 
E s t i m a t i n g m i c r o b i a l p r o d u c t i o n and growth 
r a t e s i n a q u a c u l t u r e ponds u s i n g r a t e s 
o f RNA and DMA S y n t h e s i s 169 
EUS r a v a g e s K e r a l a i n l a n d f i s h e r i e s 8 1 
E v a l u a t i o n of J u v e n i l e r a inbow t r o u t anf^  
g rowth i n h a l f - s i b f a m i l i e s from dipl<Jid 
and t e t r a p l o i d s i r e s 119 
E v a l u a t i o n of p o t a s s i u m n e i n o l e a t e a s a 
s e l e c t i v e b l u e - g r e e n a l g i c i d e in 
cha^n«^^ c a t f i s h r>onds 4 2 
'J 
E x p e r i e n c e s of shr imp feed m a n u f a c f u r e i n 
I n d i a 197 
E x p e r i m e n t s on a r t i f i c i a l p r o p a g a t i o n of 
H i l s S / T e n u a l o s a i l i s h a 117 
Farm s c a l e f eed t r i a l s a t Govt . Shrimp 
c u l t u r e p r o j e c t A. p . P o l e k u r r u , 1990-91 195 
F e a s i b i l i t y a n a l y s i s o f s t a t e owned e x p e r i -
menta l pond f a r m s 167 
Feed f o r m u l a t i o n and i t s e f f e c t on t h e g rowth 
of f o u r s p e c i e s of p e n a i d sh r imp 156 
F e r t i l i z e r v a l u e of H u s s o r i e p h o s p h a t e rock 
i n Corp c u l t u r e 23 
F i r s t s u c c e s s in i n d u c e d b r e e d i n g o f I n d i a n 
and e x o t i c c o r p s i n Kanipur u s i n g 
OVAPRIM-C 28 
F i s h e r i e s deve lopment in I n d i a 78 
F i s h e r i e s deve lopment s t r a t e g y i n t h e 
e i g h t h f i v e y e a r p l a n 79 
F i s h e r y - a g e , g rowth and m o r t a l i t y e s t i m a t e s 
o f 1 ' r i c h i u r u s 1 e p t u r u s L. from Bombay 
w a t e r s 211 
F i s l i e r y and c u l t u r e o f e d i b l e c r a b s 96 
F i s h e r y aeveloptr .ent o f QKbov lc';<:es ("Mans") 
of B i h a r 77 
F i s h e r y grovJth, y i e l d p e r r e c r u i t and s t o c k 
a s s e s s m e n t o f sohyraena o b t u s a t a c u v i e r 
o f f t u t i c o r i n , Qul f o f Mannar IQ 
F i s h p r o d u c t i o n and i t s m a r k e t i n g s t r u c t u r e 
i n O r i s s a 72 
F o r e c a s t i n g m a r i n e p r o d u c t s e x p o r t s - t i m e -
s e r i e s a n a l y s i s 133 
F o r m u l a t i o n , s t a b i l i t y and e f f e c t of s t o r a g e 
on t h e q u a n t i t y , o f t h r e e a r t i f i c i a l f e e d s 
used i n c a r p c u l t u r e 22 
F r e s h l i v e r po^-'der 53 
F r e s h v^ater f i s h e r i e s r e s o u r c e s i n Andhra 
P r a d e s h 8 5 
From G a n g i t i c bioma^-s,, 14 
Fuel c o n s e r v a t i o n i n f i s h i n g s e c t o r : 84 
Ghol (and) dor a f i s h e r i e s of G u j a r a t S t a t e 86 
Growth and body c o m p o s i t i o n of J u v e n i l e 
colossgrng macropomum ,Cuvier 1818 
f e e d i n g on a r t i f i c i a l d i e t s 48 
Gro-'-'th and r e p r o d u c t i v e p o t e n t i a l of Guppy 
P o a c i l l i a r e t i c u l a t a ( P e t e r s ) i n 
modular sys t em of f i s h p r o d u c t i o n 73 
Grov.'th and y i e l d p e r r e c r u i t o f J p h n i u s 
( J o h n i u s ) C a r c u t t a Bioch in t h e t r a w l i n g 
g r o u n d s off K a i k l a n d a 118 
Growth depress ion and a c c l i m a t i z a t i o n of 
p r o t e a s e a c t i v i t y in a t l a n t i c salnronfish-
feeding fry responding t o a d i e t supolenie-
mented with Zooplankton 6 
Hatching of t h e o a c i f l c Salmon Leeth from 
Cocoons exposed to v a r i o u s t r e a t m e n t s 186 
High Densi ty r e a r i n g of Labeo r o h i t a spavm in 
nurse ry under normal c o n d i t i o n s 121 
H i s t o p a t h o l o o i c a l changes i n t h e g i l l s of 
Pun t iu s t i ^ b o fol lowing Khan r i v e r water 
exposure under ambient l a b o r a t o r y 
c o n d i t i o n s 178 
H i s t o p a t h o l o o i c a l changes in body p a r t s of 
t h e f resh water gas t ropod, V i v i p a r u s 
bengal en s.i -g due t o p e s t i c i d e s . 
Hoo>:s and LineFishery for (Kalava' a t 
Cochin • 97 
Hybr id i za t i on in f i s h e r i e s ris]<: and 
p o t e n t i a l 88 
Hypor)hysectomy of cohosalmon (oncorhynct ius 
KisutchJ and su rv iva l in f resh water and 
sea vjater 47 
Inc idence of methyl mercury in f i s h from 
Stanley r e s e r v o i r (Wettur) 68 
i;* 
I n c i d e n c e of p s e u d o h e r m a p h r o d i t i s m i n t h e 
sp iny l o b s t e r 125 
I n d i v i d u a l and combined e f f e c t o f heavy 
m e t a l s on b e h a v i o u r and r e s n i r a t o r y 
r e s p o n s e s of Qreochrpmis mosscorribicus 143 
Induced b r e e d i n g of major c o r p s u s i n g 
Ovaprim 33 
Induced nolyploid mosaics in Indian major 
c?r^ 3 2 
I n h i b i t i o n of p r i m a r y p r o d u c t i o n s a s i n d u c e d 
by heavy m e t a l i o n s on p h y t o p l a n k t o n 
p o p u l a t i o n o f f Cochin 16 1 
I n f l u e n c e o f c e r t a i n O c e a n o - g r a p h i c f a c t o r s 
on t h e t r a w l c a t c h e s o f f Malpe, South 
K a r n a t a k a 209 
I n f l u e n c e of f e e d i n g r a t e and d i e t form on 
growth and s u r v i v a l of N i l e T i l a p i a 140 
I n f l u e n c e of w a t e r t e m p e r a t u r e i n food 
i n t a k e food e f f i c i e n c y and g r o s s 
c o m p o s i t i o n of J u v e n i l e Sea B a s s 190 
immuno f l u r o e s c e n c e s c r e e n i n g o f R e n i b a c t e r i u m 
sa lmoninarum in t h e t i s s u e and eggs of 
formed ch inook salmon s p a w n e r s 44 
Impac t o f m u t r i a t e o f p o t a s h on t h e f e e d i n g 
b e h a v i o u r s u r v i v a l grovrt:h and r e p r o d u c -
t i o n of f i s h 74 
V I' 
I n c r e a s e d r a t e o f egg f e r t i l i z a t i o n in 
a r t i f i c i a l p r o p a g a t i o n on s h e a t f i s h by 
means o f s u p p r e s s i n g t h e movements o f 
Spermatozoa w i t h i m m o b i l i z a t i o n 
s o l u t i o n 19 3 
I n t e n s i v e P o l y c u l t u r e of common c a r p , 
C y p r i n i s Ca rp io L. s i l v e r c a r p , 
H y p o p h t h a l m i c h t h y s m o l i t r i x and 
b l a c k b u f f a l o 16 5 
I s o l a t i o n o f a n t i b i o t i c r e s i s t a n t c o i i f o r r a 
s p . from d r i n k i n g wa te r 184 
ICadan'war r e s e r v o i r p r o j e c t in B i h a r , 
Background t o be k e p t in v i e w 26 
Labeo d u s s u m i c i ( v o l . ) an i n d i g e n o u s 
e n d a n g e r e d cc.Tp s p e c i e s o f K e r a l a 3 5 
L a c t a t e d e h y d r o g e n a s e p a c t e r n s in t h e 
a i r - b r e a t h i n g f i s h H e t e r o p n e u s t e s 
f o s s i l i s 4 
L e n g t h - w e i g h t r e l a t i o n s h i p and r e l a t i v e 
c o n d i t i o n f a c t o r O t o l i t h e s r u b e r from 
t h e Gulf of Mannar and Palk Bay 147 
L e n g t h - w e i g h t r e l a t i o n s h i p and r e l a t i v e 
c o n d i t i o n f a c t o r o f Prawn Metaoenaeus 
Kut Chen s i s (George, George and Rao) 
from Okha (Guja ra t^ I n d i a ) 173 
L •-» .1 
M a r i n e f i s h e r i e s i n K e r a l a 90 
Mash^er t h e m i g h t l y game f i s h of I n d i a 127 
M e t h i o n i n e snd c y s t i n s u p p l e m e n t e d 
d i e t s f o r J u v e n i l e S e a b a s s 189 
Mophometr ic an r ; : i=nst ic c h a r a c t e r s o f t h e 
I n d i a n Caros Labeo dero from t h r e e 
n o r t h I n d i a n r i v e r s 27 
MorDholog ica l and h i s t o c h e m i c a l c h a n g e s 
in t h e t h y r o i d and i n t e r - r e n a l c e l l s 
d u r i n g b r e e d i n g and n o n - b r e e d i n g o e r i o d 
of channa gachua 4 1 
M o r t a l i t y and s t o c k - s i z e e s t i m a t e s o f t h e 
Bombay duck Herpocon n e h e r e u s , o f f 
r^a'wab under G u j a r a t 17 
New v e r s i o n o f an i l l u m i n a t e d c a g e fo r 
cqr© gonid r e a r i n g 51 
No te on t h e d e r . - n s t r a t ion of s e m i - i n t e n s i v e 
f a rming a t p.^radwip, Cri '^- ' - s t a t e 6 1 
Note on t h e grov-'th of Penneug no no don 
Lal2XJjC?J13 i"- "^ rain-f^^' ' - o ~ s t 3 l pond 
in S-Uidorbans lo^ ;* 
N o t e on t h e L i ' n n o l o g i c a l c h a r a c t e r s o f t h e 
I d u k k i r e s e r v o i r 124 
N o t e s on p o p u l a t i o n c h a r a c t e r s and r e p r o -
cSuctive b i o l o g y o f t h e p o r t u n i d Crab 
C h a r v b d i s f e r i a t u s a t Cochin 170 
N o t e on t h e monsoon f i s h e r y f o r t h r e a t f i n 
b r eams o f f Cochin 91 
N o t e s on l^jrval r e a r i n g of t h e e d i b l e c a r b , 
F o r t u n u s P e l a g j e i i s 52 
O b s e r v a t i o n on c o a s t a l f i s h e r y of Okhamandal 
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